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By John H. Walker and Robert M. Reynolds 
SUMMARY 


An investigation has been made to determine the aerodynamic charac- 
teristics of the NACA 4-(5)(05)-037 six- and eight-blade, dual-rotation 
propellers when operating at positive and negative thrust at Mach numbers 
up to 6.90 and when operating at near static conditions. The dual-rotation 
propellers were operated in combination with a long spinner and at blade 
angles from -20° to 70°. ‘The aerodynamic characteristics of the в1х- 
blade propeller when operating at positive thrust with an NACA 1-вегіев 
spinner were also determined through a Mach number range from 0.60 to 0.90 
for a blade angle of 65°. Results of limited tests made to determine the 
aerodynamic characteristics of the NACA h-(5)(05)-Ohl two- and four-blade, 
single-rotation propellers when operating at negative thrust are also 
included for comparison. All tests were made at an angle of attack of 09; 
and the majority of tests were conducted at a перо number of 1.0 
million per foot. 


The performance of the dual-rotation propellers was not adversely 
affected by compressibility up to a Mach number of about 0.65. At this 
Mach number, and for a blade angle of 65°, the six- and eight-blade 
propellers had maximum efficiencies of about 85 percent. 


Increasing the total solidity by increasing the number of blades from 
six to eight resulted in a nearly proportional increase in power absorption 
with an accompanying decrease in maximum efficiency of about 2 percent. 


The efficiencies of the propeller in combination with an NACA l-series 
spinner were lower, by about 2 percent, than those of the propeller with 
а longer spinner. 


There were no significant compressibility effects on the negative- 


thrust characteristics of the dusl-rotation propellers up to а Mach number 
of 0.60. 
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The thrust per horsepower for operation of the six- and eight-blade 
propellers at near static conditions varied with power disc loading ав 
predicted by actuator-dise theory for static conditions, but the values 
measured were lower by about 28 and 26 percent, respectively. For the | 
design power disc loading of about 21 horsepower per square foot, the dual 
propellers produced about three pounds of. thrust per horsepower at near 
Static conditions. 


INTRODUCTION. -- 


The high power available from modern gas-turbine engines has indicated 
a need for additional research on propellers. This is especially true in 
regard to dual-rotation propellers since the advantages of these propellers, 
over the single-rotation type capable of absorbing equal power, are smaller 
diameter, higher efficiency, absence of reaction torque, and less noise. 
However, the increased weight and complexity of the dual-rotation propeller 
are disadvantages that must be considered. Whereas much research has been 
conducted on single-rotation propellers during the past five years, such 
ag reported in references l to Т, only limited research on dual-rotation 
propellers has been carried out during this period. Опе investigation of 
& dual-rotation propeller (ref. 8) has been carried to high subsonic speeds 
but the propeller цвед for those tests was designed for an advance-diameter 
ratio of 7.15 which is considerably higher than the advance-diameter ratios 
being considered for current designs. 


In addition to the need for more data in the positive-thrust range, 
there has been an increase in the demand for data on propeller performance 
characteristics in the negative-thrust range, because of the desire to 
utilize the negative thrust for landing and maneuvering and because of 
the need to calculate the extremely large drag of turbine-engine-propeller 
combinations which results in the event of engine failure. To alleviate 
the large drag forces which result when the propeller is driving an engine 
requires automatic propeller controls to either declutch the propeller 
from the engine or feather the propeller. The design of these controls 
requires detailed information on the thrust-torque characteristics of the 
propeller throughout a wide range of propeller blade angles and аігареейв. 
There are available а number of reports relating to the performance of | 
propellers operating at negative thrust.  Howevér, most of the data, such 
as those presented in reference 9 for propellers of older design and in —. 
references 4 and 5 for propellers of more current design, were obtained 
at low speeds. The negative-thrust characteristics of & three-blade 
propeller of current design operating at Mach numbers up to О, 80 are 
presented in reference 6. 


Inasmuch ав one of the greatest advantages of the turbine-propeller 
combination over other means of airplane propulsion is the reduction in 
take-off run resulting from the large thrust available at low speed, there 


A 
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is a need for additional data pertaining to the thrust-torque relation- 
ship for propellers at static and near static conditions. The most 
recent data concerning this condition for single-rotation propellers are 
reported in references 4, 5, б, and 10; and results of previous investi- 
gations of numerous single- and dual-rotation propellers are correlated 
in reference 11. 


An investigstion has been made in the Ames 12-foot pressure wind 
tunnel to provide additional data useful in the design and development 
of modern high-speed propellers. Presented herein are the force-test 
results for the МАСА h-(5)(05)-O37 six- and eight-blade, dual-rotation 
propellers when producing positive and negative thrust at Mach numbers to 
0.90 and when producing positive thrust at near static conditions.  Com- 
parisons have been made to show the effects of total solidity, of spinner 
shape, and of blade-sngle differential between the front and rear units of 
the dual propeller. Results of limited tests of the NACA h-(5)(05)-Olu 
two- and four-blade, single-rotation propellers are included for purposes 
of comparison. All tests were made аб ап angle of attack of 09 апа most 
of the data were obtained at а Reynolds number of 1.0 million per foot. 


NOTATION 


a Speed of sound T = 
В number of blades 
b blade widih ' 


C ower coefficient, ——— 


Cp' power coefficient corrected for activity factor, integrated lift 
coefficient, and thickness ratio (ref. 11) 


Ср thrust coefficient, а 
on 


ela blade section design lift coefficient 


propeller diameter 


D 

HP horsepower 
h maximum thickness of blade section 
J 


V 
advance-diameter ratio, = 


M Mech number, М 


Ва 


АВ 


tip Mach number, M/1+(x/J)* 


propeller rotational speed 
power 

propeller tip radius 
Reynolds number per foot, Sf 
blade section radius 


propeller dise area 


thrust 


Le. 
отр 


thrust coefficient, 
velocity 
equivalent free-air velocity 
propeller blade angle at 0.75 R 


design propeller section blade angle 
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difference in blade angle between the front and rear components of 


the dual-rotation propeller, Bp - Bp 


Ст 
efficiency, — J 

Ор 
air viscosity 


air density 


Subseripts 


front component of duai-rotation propeller 


rear component of dual-rotation propeller 
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MODEL AND APPARATUS 


lOOO-Horsepower Propeller Dynamometer 


The l1000-horsepower propeller dynamometer used for this investiga- 
tion in the Ames 12-foot pressure wind tunnel is described in reference k. 
The dynamometer was modified for the testing of dual-rotation propellers 
by the installation of а gear box within the dynamometer housing and a 
torquemeter on each of two concentric propeller drive shafts. The rota- 
tional speeds of the front and rear propellers were the same. The torque- 
meters were mounted in such а manner that mechanical losses in the gear 
box were not present in the measured torque. The only frictional losses 
included in the measured torque were from a roller bearing and а neoprene 
pressure seal between the propeller shafts, and from the carbon-ring 
pressure seal described in reference 4. These losses were small and were 
accounted for by calibrations. А photograph of the dynamometer with the 
Six-blade, dual-rotation propeller is shown in figure 1. 


Propeliers 


The NACA 4-(5)(05)-037 six- and eight-blade, dual-rotation propellers 
and the NACA 4-(5)(05)-O41 four-blade, single-rotation propeller (described 
in ref. 4) were models of propellers designed for the following full-scale 
conditions: 


Altitude, ft . 4 а Wow ав W 4% 9.09 oe ж есе вв а 323 990 
Mach аре g aate ага ш. ж ы ор UO жаа RR жа 0,80 
HOPBEDOWBP “5205ж ке ы“ све в а 0. 195600 
Advance-diameter ratio 
Six- and eight-blade dual ............. e e ц.2 
Four-blade single . . e e < < s = «© «© © e © © e е ә э e 3. T 
Diameter, ft 
Six-blade dual... e е э е ее в е ө е е еее еее ее о 19 
Eight-b lade dual e ө е G в o o ọ е е * е е е 9 а в в ө г ө 18 
Four-blade single , e . э э ө o o 2 ж 223 


1.0 з 
Total activity factor, 100,000 p / 9 (ғ) ЖЕ 
16 o. 2 ND/ NR R 
Otvcblade dual. é за ж KG o9. lO % € DOE. се ще. a 694. 


Eight-blade dual а ә ее е ее ө е е 9 в ее ве ве ее ө 925 
Four-blađe single .......„ e slo s e a a e e o 514 


The МАСА 16-series airfoil section was used for the blade sections. 
Blade width ratio, thickness ratio, section design lift coefficient, and 
twist distribution are shown by the blade-form curves in figure 2. It may 
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be noted that for this investigation, the four-blade propeller described 
in referente 4 was modified inboard of r/R = 0.25. 


Except for total solidity, the NACA h-(5)(05)-O37 six-blade, dual- 
rotation propeller was identical to the eight-blade propeller and the 
МАСА h-(5)(05)-Oll two-blade, single-rotation propeller was identical 
to the four-blade propeller. 


Spinners 


Most of the tests of the dual-rotation propellers were made with a 
spinner having a maximum diameter of 6.51 inches and a length of 
22.71 inches. The forward portion (9.77 inches) was contoured to the 
МАСА l-series profile. This long spinner was used во the inboard blade 
sections would operate in a nearly uniform air stream. A photograph and 
4. this spinner, designated as spinner A, are shown іп figures 3(a) 
and a, 


Limited tests were made of the six-blade, dual-rotation propeller 
with an NACA 1-46.5-085 spinner (ref. 19), having a maximum diameter of 
7.23 inches atid a length of 13.22 inches. This spinner is designated as 
spinner B and is described in figures 3(b) апа (b). 


The NACA 1-46.5-O47 spinner (ref. 13), having а maximum diameter of 
6.51 inches and а length of 6.58 inches, was used with the single-rotation 
propellers. A photograph and details of this spinner, designated as 
spinner С, are shown in figures 3(c) and M(c). 


The platform junctures used with each propeller-spinner combination 
are also shown in. figures 3 and 4. 


instrumentation апа Calibrations 


The instrumentation of the dynamometer for the single-rotation pro- 
peller tests was identical to that described in reference 4. The dual- 
rotation dynamometer instrumentation differed only in that there were two 
torquemeters. They were similar in design and operation to the torquemeter 
used for the single-rotation dynamometer, each having half the capacity 
and twice the sensitivity of the single-rotation torquemeter. The torque 
measured by each torquemeter was indicated by а manual balancing potentio- 
meter. A description of..the methods used in calibrating the thrust gages 
and torquemeters, and a discussion of typical calibration results are 
presented in reference h. 


=- - --- 
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TEST CONDITIONS AND REDUCTION OF DATA 


Preliminary tests were made with the six-blade dusl-rotation propel- 
ler to determine the rear blade angle setting (Вр) that would cause the 
rear component of the propeller to absorb the same power as the front com- 
ponent near the advance-diameter ratio for maximum efficiency. The opti- 
mum blade-angle difference (AB = optimum) determined from these tests is 
shown as a function of the front blade angle (Вк) in figure 5. Subse- 
quently, the thrust, torque, and rotational speed were measured for the 
six- and eight-blade, dual-rotation propellers for both the optimum blade- 
angle settings (fig. 5) and the design blade-angle setting (ЛВ = 0.89) for 
the various values of front blade angle and Mach number shown in table I. 
Also shown in table I are the conditions for the limited tests of the two- 
and four-blade, single-rotation propellers. 


Propeller thrust as used herein is the algebraic difference between 
the longitudinal force produced by the propeller-spinner combination and 
the longitudinal force produced by the spinner alone at the same air veloc- 
ity and density. The method used in determining the propeller thrust is 
discussed in detail in reference |. 


The total torque required for operation of the dual-rotation propeller 
Was ascertained by adding the torque of the front and rear components. 
Torque was determined for each component by the method described for the 
single-rotation propeller in reference 4. 


The Mach number used in this report is the average Mach number over 
the disc area determined by the velocity surveys reported in reference !. 
The air-stream velocity (and, consequently, propeller advarice~diameter 
ratio and efficiency) was corrected for wind-tunnel-wall constraint on the 
propeller slipstream by the method of reference 14. Experimental data have 
shown good agreement with the correction presented in figure 6 (see refs. 4 
and 6). The data included herein are for advance-diameter ratios at which 
the thrust-coefficient parameter (т„/1-м°) was greater than -0.55. 


Analysi of the accuracy of the separate measurements of thrust, 
torque, and air-stream velocity indicate that errors in the propeller 
efficieneles reported herein аге probably less than 2 percent. 


RESULTS AND DISCUSSION 


Most of the results of this investigation &re presented graphically 
in figures T through 3h. An index of these figures is presented in 
table II and gives the propeller configuration and the range of variables 
for each figure. Inasmuch ав it did not appear advantageous to plot the 
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individual power coefficients for the front and rear propeller units at | 
conditions of negative and near static thrust, these data have been 4 
tabulated in tables III to V. 


Positive Thrust 


Effects of Mach number.- The effects of Mach number on the зегоду- 
namic characteristics of the propellers are shown in figures 7 through 17. 
The over-all propeller characteristics are presented in figures T 
through 12, апа the power coefficients for the front апа rear components 
of the dual-rotation propellers are shown in figures 13 through 1T. 


The effects of Mach number on maximum efficiency аге shown in 
figure 18. Ав previously shown in other investigations, propeller effi- 
сТепсу losses due to compressibility effects were delayed to higher Mach 
numbers by increasing blade angle. The highest Mach number at which the 
dual-rotation propellers with spinner A operated without marked сошргевв- 
ibility losses was about 0.65 for a blade angle of 65°, at which condition 
the propeller efficiency was about 85 percent. Maximum efficiency of the 
six-blade propeller varied from 87 percent at a Mach number of 0.10 қ 
to 61 percent at а Mach number of 0.84. 


Ав shown in figure 18(#), the maximum efficiency of the two-blade 
propeller compares favorably with the results from reference 4 for the 
four-blade propeller at & blade angle of 609, = 


The variation of maximum efficiency with advance-diameter ratio. fo 
the dual-rotation propellers is shown in figure 19. Figure 20 presents 
the variation of maximum efficiency with tip Mach number. These data, 
in conjunction with figure 18, indicate that at Mach numbers above 0.80, 
higher efficiencies could probably be obtained by operation of the pro- 
pellers at lower blade angles and lower advance-diameter ratios. 


Comparison of the characteristics of the six- and eight4blade, dual- 
rotation propellers.- As shown in figure 21, the basic characteristics of 
the six- and eight-blade propellers are in good agreement when compared 
on the basis of equal total activity factor. At all except the highest 
Mach numbers, the maximum efficiency of the eight-blade propeller was 
about 2 percent below that of the six-blade propeller, ав shown in 


figures 18 and 19. | 277 | Т Е 


In the following table the full-scale characteristics of the six- апа 
eight-blade, dual-rotation propellers at the design Mach number (0.80) and 
altitude (35,000 feet), calculated from the data in figures 7 and 8, are 
compared with the design characteristics calculated by the method of 
reference 15 with ап assumed. loss in efficiency of 8 percent due to com- T 
pressibility effects. | | пре Me ee ee к | | 


ae 
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Condition for B = Condition for B = 
Сһагас- 
— == sar = 


5600 | 5600 |62!tO 
0.61 [0.65 |0.65 


2450 2150 3700 


Condition А shows that for operation аб the design power and айуапсе- 
diameter ratio, blade angles higher than the design value would be required. 
By reducing the advance-diameter ratio and blade angles, the efficiency 
would be increased slightly as indicated under condition B for the design 
horsepower. To enable the propellers to operate with maximum efficiency 
at the design Mach number would require a further reduction in advance- 
diameter ratio and an increase in power as shown under Condition C. At 
the design Mach number of 0.80, there was no operating condition where the 
efficiency approached the calculated value of 0.80. Subsequent calcula- 
tions for the eight-blede propeller using the method of reference 16 and 
the airfoil section data from reference 17 indicated a still higher effi- 
ciency of 86 percent. The calculated efficiencies for the design condition 
are unrealistically high primarily because losses due to compressibility 
occurred at a considerably lower Mach number than the calculations indi- 
cated. Figure 20 shows that at the design tip Mach number of 1.0 and a 
blade angle of 65°, the maximum efficiency had decreased more that 20 per- 
cent from its low-speed value whereas the anticipated decrease was about 
8 percent. 


In consideration of the effects of compressibility with regard to the 
spinner, it would be expected that with the shorter spinner (spinner B), 
the local velocities on the inner portion of the propeller blades would be 
considerably higher than the free-stream Mach number and, as a result, it 
would be anticipated that calculations based on free-stream conditions 
would overestimate the Mach number for the onset of compressibility effects. 
With the long spinner (spinner A), however, the local velocity at the blade 
shank is calculated to be only about 1 or 2 percent higher than the free- 
stream velocity, and it should be possible to neglect this velocity incre- 
ment in the propeller performance analysis without introducing large losses. 
While the effect of the propeller inflow on the drag of the long spinner 
would be expected to be of appreciable magnitude, it would not be antici- 
pated that this contribution would be particularly dependent on Mach number 
below а Mach number of 0.85 or 0.90. 


In regard to the airstream velocity it may be stated that the velocity 
surveys (ref. 8) which were used to establish the free-stream Mach number 
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were carried out in such а manner that it is difficult to conceive them 
to be in error by а significant amount. However, there iB no way to eval- 
uate accurately the effect of the propeller slipstream on the flow field 
induced by the dynamometer structure., It is felt that this effect of 
slipstream was small, as indicated by the data in reference 4 which show 
no large effect of Mach number on the velocity induced by the dynamometer. 


A point that should be made with regard to the calculated performance 
is that at the design condition, the sections of the propeller outboard 
of 0.70 radius were operating at Mach numbers between 0.90 and 1.0. The 
section data used in the performance calculations are of doubtful accuracy 
in this Mach number range, and recent section data presented in reference 18 
have shown effects of camber contrary to the results given in reference 27. 


In summary of this discussion of the propeller efficiency at the 
design condition, it can only be stated that losses due to compressibility 
effects began to rise at a lower Mach number than the calculated value. 
Aside from questioning the validity of the section data used in the per- 
formance calculations, no other reason for this discrepancy is known. 


Comparison of the propeller characteristics for the optimum АВ and 
a AB of 0.89,- As shown in figure 22 for the Bix-blade dual-rotation 
propeller, and as would be anticipated, the effect of increasing the blade 
angle of the rear component (changing from optimum Ag to АВ = 0.89) was 
to increase the power coefficient for the rear component at a given advance- 
diameter ratio, with a corresponding increase in thrust coefficient. More- 
over, it is shown that there was no significant difference in the power 
absorbed by the front component with change in the rear blade angle. 
Figure 22 also shows, for Вр = 65° and Mach numbers from 0.60 to 0.80, 
that the front and rear components absorbed equal power at an advance- 
diameter ratio near that for maximum effictency with the optimum АВ 
setting. However, the rear blade angle used for the optimum setting with 
By = 70° appears to have been somewhat low for Mach numbers above 0.70 
(see figs. 7, 13, and 15). 


Comparisons of the data in figures 18 and 19 show that for both the 
six- and eight-blade, dual-rotation propellers, the maximum efficiency 
obtained with Ag = 0.8° was generally lower, by about 2 percent, than 
that with the optimum АЗ setting. 


Effects of spinner length and of sealing the gaps at the platform 


ropeller-spinner junctures.- The results of limited tests of the six- 
plade, dual-rotation propeller using spinner B are presented in figure 10 
and summarized in figure 18(е). In general, the efficiency of the рго- 
peller with. this spinner was about 2 percent lower (figs. 18(е) and 
20(c)) than with spinner A. It ig believed that this is due to the higher 
velocities over the inboard propeller-blade sections with the shorter 
Spinner, similar to the results reported in reference h, 
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As shown in figure 23, sealing the gaps between the propeller blades 
апа the platform junctures Һай no significant effect on the propeller 
characteristics. 


Negative Thrust 


The effects of Mach number on the characteristics of the propellers 
when producing negative thrust are shown in figures 24 through 29 and in 
tables III.and IV. Negative-thrust characteristics are shown, for Mach 
numbers above 0.15, on plots with tangent coordinates which enable cover- 
age of the full range of test results. 


Similar to results reported in reference 6, it can be shown from the 
data presented in figure 30 that there was practically по effect of сош- 
pressibility on the negative-thrust and torque characteristies of the 
dual-rotation propeller for Mach numbers up to 0.60. 


The basic negative-thrust characteristics of the six- and eight-blade 
propellers are in good agreement when compared on the basis of equal total 
activity factor. This is shown for Mach numbers of 0.15, 0.60, and 0.80 
in figure 30. Also, comparison of the data presented in figure 31, again 
on the basis of equal activity factor, indicates good agreement between the 
negative-thrust characteristics of the two- and four-blade, single-rotation 
propellers. It can be shown that the negative-thrust data for the single- 
rotation propellers, after correction for activity factor, compare favor- 
ably with those for the dual-rotation propellers at a Mach number of 0.15 
(data in fig. 31 compared with those in figs. 30(a) and (b)), but do not 
compare well for the higher Mach numbers (comparing corresponding data of 
figs, 28 and 2h, for example). 


Near Static Thrust 


The characteristics of the six- and eight-blade propellers at low 
forward speeds are presented in figure 32 and table у. The velocity of 
the air in the test section for these tests was produced by the model 
propeller itself and thus varied with propeller rotational speed and 
blade angle as shown in figure 32. 


The abrupt decrease in thrust coefficient and increase in power 
coefficient at values of nD below 60 (fig. 32) are similar to results 
reported in reference 6 for a three-blade propeller and are believed to be 
due to the effects of Reynolds number on the blade section characteristics. 


The data in figure 32 were used to determine envelope curves for the 
variation of thrust per horsepower with power disc loading for the six- and 
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eight-blade, dual-rotation propellers. These are shown in figure 33, 
together with similar experimental results for the four-blade propeller .. 
(computed from fig. 8 of ref. 4) and the theoretical ideal curve for the 
Static condition computed by the method of reference 19, For all power 
dise loadings, thrust per horsepower increased with increasing number of 
propeller blades. For the design power disc loading, approximately 21 
horsepower per square foot, the айал propellers produced about 3 pounds 

of thrust per horsepower at near static conditions. The experimental 
thrusts per horsepower for the six- and eight-blade propellers were approx- 
imately 72 and 74 percent, respectively, of the theoretical ideal values. 
That the thrust-per-horsepower values for the dual-rotation propellers 

are higher than those reported for single-rotation propellers in refer- 
ences 4, 5, and 6 is probably due to lower rotational losses for the dual- 
rotation propellers. The extrapolation explained in the following para- 
graph indicates that the experimental thrust per horsepower would be about 
20 percent higher if the data were for а true static condition. 


The variations of thrust per horsepower with power coefficient for 
the Bix-blade dual-rotation propeller at near static conditions and at 
zero velocity (obtained by extrapolation) are compared in figure 34 with 
correlated static data (from ref. 11) for five other six-blade dual- 
rotation propellers having NACA 16-series sections. The values shown for 
the near static condition were calculated using the data in figure 32(а), 
and the values given for the zero-velocity condition were obtained by a 
straight-line extrapolation of the thrust and power coefficients ав а func- 
tion of test-section velocity using the data from figures 7(a) and 32(а). 
The power coefficient used in this figure was corrected for activity 
factor, integrated lift coefficient, and thickness ratio in accordance 
with the method of correlation of reference 11. These results show that 
the effect of small forward velocities on the thrust per horsepower was 
substantial, if the extrapolation procedure is valid. The agreement between 
the extrapolated results for zero velocity and the results presented in 
reference ll is only fair. 


CONCLUDING REMARKS 


The following remarks шау be made regarding the results of the sub- ` 
ject investigation: 


The highest Mach number at which the six- and eight-blade, dual- 
rotation propellers operated without marked compressibility losses was 
about 0.65 for a blade angle of 65°, at which condition the efficiency of 
both propellers was 85 percent. The effects of compressibility on maximum 
efficiency were similar to those reported in previous investigations, indi- 
cating that for Mach numbers above some value (for these propellers, about 
0.80) higher efficiencies would be obtained by operation of the, propellers 
at lower advance-diameter ratios and lower blade angles. 
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Inereasing total solidity by increasing the number of blades from 
six to eight resulted in a nearly proportional increase in power absorp- 
tion with an accompanying decrease in maximum efficiency of about 2 percent. 


Lower efficiencies, by about 2 percent, were obtained for the propel- 
ler in combination with ап NACA l-series spinner as compared with those 
obtained for the propeller with the longer spinner. This result is attrib- 
utable to the effects of the nonuniform flow field of the l-series spinner 
and is similar to results reported for the NACA h-(5)(05)-Olhi four-blade, 
single-rotation propeller with l-series and extended cylindrical spinners. 


There were no significant effects of compressibility on the negative- 
thrust characteristics of the dual-rotation propellers up to a Mach number 
of 0.60. When compared on the basis of equal total activity factor, the 
negative-thrust characteristics of the six- and eight-blade propellers 
were in good agreement. 


The thrust per horsepower of the six- and eight-blade propellers at 
near static conditions varied with power dise loading as predicted by 
actuator-dise theory for the static condition, but the measured values 
were lower by about 28 and 26 percent, respectively. For the design power 
dise loading, approximately 21 horsepower per square foot, the dual propel- 
lers produced about three pounds of thrust per horsepower at near static 
conditions. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., July 13, 195% 
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TABLE Т.- BLADE ANGLES AND MACH NUMBERS FOR TESTS OF VARIOUS PROPELLER CONFIGURATTONS 


Propeller blade angle, В ог Вр, deg 
number! 70 | 65 169 1551 50 OTT 25 ODT € | > | 0] -5,-10,-15 |-20 _ 


Config- š 
uration Propeller Spinner АВ, deg Thrust 


6-blade dual-rotation optimum positive and negative 
8-blade | dual-rotation ' optimum positive and negative 
6-blade | dual-rotation 0.8 positive and negative 
6-blade dual-rotation 0.8 positive thrust only 
8-blade dual-rotation 0.8 positive and negative 
e-blade single-rotation -- positive апа negative 
4-ЪТаде single-rotation - - negative thrust only 


оз HO по с m 


lRepeat runs with the platform дарв sealed, configuration а only. 
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TABLE II.- INDEX OF DATA FIGURES 
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Dual 6 0.60 to 0.90 
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Single 2 0.50 to 0.80 
Dual 6 0.15 to 0.84 
Dual 8 0.15 to 0.81 
Duel 6 0.60 to 0.90 
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Dual 8 0.60 to 0.90 
Dual 0.15 to 0.84 
Dual 0.50 to 0.90 
Dual 0.60 to 0.90 
Single 0.40 to 0.70 
n vs. J 0.15 to 0.84 
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Tmax Vee Mt 
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8 
6 
8 
2 
2 
lk 
Optimum | 6,8 
2 
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Near static thrust 
32 Ст,Ср,Ү vs. nD Dual Optimum 6 е 
32 Dual Opbimum 8 50 
33 T/HP vs. EP/S Dual Optimum | 6,8 x 
34 T/HP vs. Ср! Duel | Optimm| 6,8 2 
„Comparison of the 6- апа 8-blade data Рог AB = optimum. 
" Dcomparison of the 6-blade data for Æ = optimum and AB = 0.89. 
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TABLE IIT.- NEGATIVE-THRUST CHARACTERISTICS OF THE NACA 1-(5)(05) -037 
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TABLE TIT.- NEGATIVE-THRUST CHARACTERISTICS OF THE NACA 4-(5)(05)-037 SIX- 
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, AB = OPTIMUM - Continued 
(a) B = 6 - Continued 
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TABLE ІТІ.- NEGATIVE-THRUST CHARACTERISTICS OF THE МАСА 4-(5)(05)-037 SIX- 
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, AB = OPTIMUM - Continued 
(а) B = 6 - Concluded 
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TABLE IV.- NEGATIVE-THRUST CHARACTERISTICS OF THE МАСА h-(5)(05)-037 SIX- 
AND EIGET-BLADE, DUAL-ROTATION PROPELLERS, АВ = 0.89 
(а) B = 6 
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TABLE IV.~- NEGATIVE-THRUST CHARACTERISTICS OF THE МАСА 1-05) (02) -037 SIX- 
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, AB = 0.89 - Concluded 
(b) В = 8 - Concluded 
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TABLE V.- NEAR-STATIC-THRUST CHARACTERISTICS OF THE МАСА h-(5)(05)-037 SIX- 
AND EIGHT-BLADE, ш ee PROPELLERS, АВ = OPTIMUM 
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Figure 1.- Photograph of the 1000-horsepower dynamometer with the 
NACA h-(5)(05)-O3T six-blade, dual-rotation propeller. 
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Figure 2,- Propeller blade-form curves. 
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(a) Spinner А, 


А-19070 


(b) Spinner B. (c) Spinner C. 


Figure 3.- Photograph of the spinners and platform propeller-spinner 
junctures. 


All dimensions їп inches 
Propeller blades shown in developed plan form 


Spinnera are contoured to the МАСА i-series profile (reference 12 ) 
Platforms aline with blades when Вс+65° and Ap=64.2° (B*60* for single) 
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(с) Spinner С. 


Figure 4.- Details of the spinners and platform propeller-spinner junctures. 
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Figure 5.- The difference between the front and rear blade angles used for the optimum setting of 
the dual-rotation propellers. 


Velocity ratio, Vo/V 


Thrust coefficient parameter, zs NR” 


Figure 6.- Tunnel-wall-interference correction for a 4-foot-diameter propeller in the Ames 12-foot 
pressure wind tunnel. 
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Figure T.- Positive-thrust characteristics; МАСА 4-(5)(05)-037 six-blede, dual-rotation propeller, 
AB - optimum, spinner A. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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Figure 11.- Continued. 
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Figure 11.- Continued. 


Арнайы. 


ae 


ni fazaa 


mia hal а 
Е 
= 


ae Tres sns ишег 
Ее i dE £m ЕЕ BEES IEE БЕТЕ М 


азығы 


Pig. 


aoe 


МАСА RM A54G13 


Tip Mach number, М} 


Efficiency, 7 


МАСА RM A54G13 


Thrust coefficient , Ст 


1.5 


Power coefficient , Cp 


ЕЕ ыз s 
ы... 


222% 5541 ee : 


. 


Ee | 


SSS a Se ee ees eee ي‎ s ي‎ 


E = === = 
БЕБЕ ЕЕ zE = 


== 
diee 


E 


"ширещата 3 
SSE SSIS SS: m=: НЕ 
nal 


5.2 


ЕЕЕ ЕС ЕЕ ЕС 


= 


о 
Тір Масһ number, М; 


ВЕЕР Ес лыс 
ЕНЕ ДЕНЕ ЕЕЕ Br 


A 


EE < . 


CRECEN 


шетінен НЕБЕ === 


= 
== 
== 1.0 
— 


+= ЕЕ тата: 


в = — в: se 


о 


Efficiency, т) 


EIL. LITE = алкаган 
EE е 


ЕЕ Se 
SEN Sea ss ss 


Saeco E EE т 


е 


= ` ЕЕ 
HEC н ЕЕЕ ae : 
EES 2 


= = Mo E 


= О 
56 PSSI aa 48 52 5.6 6.0 


Advance - diameter ratio , J Aa 


(f) M = 0.90 


22 


to 
Пр Mach number, M; 


4: is 


zn: 1:: {Н : — ЕК | п о 


Power coefficient , Ср 


Thrust coefficient, Ст 


> 


12 


HE: HHIH; NS tH | HE ми зивайдивиц 
кон: 1. ЕНЕНЕ ы. НТ „ме ШЫН 


A 


s FEIER, ЧЕ ЕЛ 
1. 1. i dii 
ІН ЕТТЕН i tra u saba pm AEn hal та ШҮН 
ч аба : ЕЕ. ig 
НЕ: PH: CREE 3 i li til: EE : Hš 
7). ENS itii f HE dim rs M jk алинеа M: 
ылы 2. Bg. 


5.2 ; 40 


Advance - diameter ratio, J aa” 
(a) M = 0.50 (b) M = 0.60 (с) M = 0.70 (a) M = 0.80 


Figure 12.- Positive-thrust characteristics; NACA 1-(5)(05)-01 two-blade, single-rotation propeller, 
spinner C. 


А 
© 
> 
= 
3 
а 
L 


БИН Инн ЫЫЫ НЫН ПН ННН: HHR FEF 


up fa LEE: НЕЯ ЕН Iure HE 2. 


ПЕГЕН ч 
VH ЕЕ СЕ "EE Е THERE ЕЕ HEHE pi ЕНЕ 


ШЕ EHE 


> Ee 
Е ебе Е 


НЕН  _ ШЕШЕН НЕНЕН ЕНЕНЕ ЕНЕНЕ 
" OHH HIC HEHE ЕТ MEBANE Bais HOHER DELE CERE: LTT 


£TDTRGV ИН VOVN 


.4 ERE inr АНУ ЕЕ КАЧ: HH БЕРЕН 
н ЧЕ ПЧ КЕ iuis ul cum 
ия mmm .. 2 
ЕН. dE d HEA hA e rs Hn Е TEHE ВИ ine 
2 Sie ү Qe E 1 Е Ша ү | ННІ ШЕЕ ШЕННЕ 
ts TECH us m HE ан КА HE ett ieee 
= КЕШЕШ. МЕШІН! ЕНЕҢ d LUE RECTE TER E EHE p 
ә ee x ына ie a s. RE 
г © 
о БЕНЕН se А up E Hi 
„2 quii UT d | d 
a o Aa om и 2 D — 
s. À 
SM SM EGO Sn] а TR ES El ELE 
a} НЕННЕ N PERNAN А НЕ ЕНА ЖЕНА: 
Pss NE n 3 5. 
2. | 
THEME ШЫН mhin He ЕНІНЕН НЕН НЕМЕН S NAC: e 
o Ë Ra Up БЕНЕН HEH ЧОКЕН ЕН дими 
4 | ии l.2 16 г B Er 16 2.0 24 
Advance - diameter ratio, J 
(а) M = 0.15 (b) M = 0.20 


Figure 13.- Variation of power coefficients of the front and rear components with advance-diameter 
ratio for positive thrust; NACA 4-(5)(05)-037 Bix-blade, du&l-rotation propeller, AB = optimum, 
spinner A. 


LG 


NACA RM A54G13 


Де 

EEE PH He RT HN 

EEE EE CE (с дшм 19 
: ване 105215 E о 


12-26 qt. 


0 


lI 
шарқ aS i Bd DRE PE 
: yani e ce ЕЙ ЫЗ ВИЕ ЗЕ 
SIB UE d Ж UT 
Вр ЧЕ ык нише i ЕЕ Ei Be Ë i un HHF 
ЕН: п SHEE рер sisi = # rdc EAE : 


36 40 44 АВ 
60 


ki: ШЫ 
(а) м 


пн ш: 


си 


ЕН ЕУ 
Armis 


9 
۲1ا“‎ NIK ZK [| 
+ ФАП; ЗИЛИН: 


m 
* 


XE ata 
LENS 

ов 32 
inued 


ШЕШ 
(м/ч 
ч:: “мг. 


г4 
, Ч 
- Cont 


O 


Advance - diameter ratio 
Figure 13 


e 


hO 


(c) M = O 


dg ° 1у912)4909 ләмод 


ШИИ 
111. 
Ist FA |! үн Hi! illis: | ШЦ 


ЧЫН i ү REH 


КИ И НИНИ ЕНЕ Eu ES ii a 
m D AP Biol ep ВИС tl 1 КЕЕ ЧЫҢ PEE 
а АШАК aeii 
iit [ШШ Bu ЦЕН Psi ER 
1. eR 
ПА SUE 
Ш 


au it Aii lbs A ПО ua ІШІҢ 
тұруы шы: fara ШЕЕ Не ДЕН ДО ШЕ [ШЫП 
SHIRE pa ШИЕ ji d uii 

ЇЙЇ. md E TO dE rn HEE qapi 
ІШІНЕ ИШЕ MAN D ШШ: Pm ШІНІҢ 
ШЕШЕН Dic INT ШШЕ! Û ШЕ 


Te- — 


=== s= 

RE 

cium 

=: 
gui 

IER 


Mi f ua _ DE 
ME DM! АСЕ Е ВЕЕ 
EE ІҢ 


СТӘҢСУ WH VOVN 


Hee 
fee 
5. 
= 
КТ 
зА 
P= ب‎ 


ГД: AI 
E Е ү | IEE ШАҚ 


EE 


i TEH HIHA H в. 
а 
ШЕП 


Ы ШЕКЕ ЖІ 

о. ІІІ i i Se RE ІЛЕ IE 7 
O sb [lai ар aa ЕЛШШК RPAH ЕК Li ist Rb ше ШИНЕ 

Ж ШЕШЕ ШЕШ + [E E ric ЧЫ ЕЗ a IAE ТЕЕ Е: 
+ |4 ШЕ ШЕ | ШШЕН SEP GR REESE ID RED ШЫН y Ma, а WS Na ШЫ SFU OU c ЩЕ 
се СИ ICH ITI i НЕ pia АША ІНЕ |, rar З a a Ч ШЕШ ШЕШ Tai 
- ne Hdl: QM ap E d ЦЕ Ен Ss HR S [bl Wm eS er if i 
9 1 T: ЕЛЕ TT M инж Мача Ni. РТО | 
ra 12 ВЕЩ ҮНҮ bb НҮШ ци A RE Md EPI E PIT RE INCL NL EI. 
ш ПІ: ii do eaae ШИ Sc NIRE TET Pb WEE ШО LEN КҮШІМ qan l d b ERT PI EN IE 3 9 a 

Ó [ное w; dt A oS ЫЫЫ e ЧЕН ИЕЛЕ! [УНГЕ Feds генен edt a и: 

i ШЕ oe ТГ | К е = ait T Ë ЖИН ИШИН ИЕР ЫН ШАЛАШ. КЕ 
510 НЕЕ ERE et LR S RE E oae | š: EN | ШЕК ЕДЖ a ae AE Т а КЕНЕ ШЇ ПЕЙ. ам Е ШЇ 
ЕЕ ЕТСІН НІНЕ yee ee A ME IEIR ЫМА AA 1. ТҚ "M ill Ще ШИ СА SEALS pun iran NIE prt ШШЕ 
o EASES TL a rnc El sedi Ken a UNE e Mt tihs,- ERST j: ШЕШЕНДІ, ЕЛГЕ iha th eu GE I RUM iT" E ga, AEE A аи iji 
а. ІН. ШЕКТЕ ЕЕН ЧЕБИН; i ОЙ ЕНЕНЕ. k, al A IEE‘ S ШЕТШЕ q Bian 

в ШЕШ ae RANE ЕЕ EE ШШШ STIR ҮМ ӘНЕ AL Bl: A КЕШЕ ЕШ Een EN B ata 

EE ДИДИЕ РАНИ CIMA MO RO NT Ela be ah a ШН Hi ; 1 Nela a Pj v, € ШЕ Enim ШЕКЕ ИШ ТІМЕН 
ssh sd овса M ЫЫ ҚЫРДЫ ЕНІНЕН 2. ШІН | AERE Eme мел ШЕН WEF Hc kap И ЕЕ ИШЕМ | 
lE e vd BR РАН КЕРНЕ КУЛҮП UR ME LE ИШЕ ҮШ | jit ШШК СПИРА РЕД ае ЫЕ AME ШИП | 

6 ШЕШЕН ИШТ Р ТҮШҮН ИШИНИ ШЕ ЫЫ! iE: I BD s ШЕ c DN ші quM | || ШОШ | pu | 
Eulia sns ИШИ И tur ria ШШ ШИШ LES ШЕШЕН Br cie Bt AY isch ЫМ Ju UE BE ШОШЫМ 
ШЕШЕН NDS ШТ M S US ul dip a d ii: Ще ВО ОВАЛНА. WEE QURE RAE A MU t aM УЙШ ЫЕ ЕШ АШЫШ КЕШЕШ A er Ша 

| Crates Т Ht PRA aE eH BP a te dk ШН IEC chats үт К ЫМ ee РН E TI Cae ЧА 

A dE abeado ЕНЕ le ASA o ШЕ BiH likir Eh i ИНЕ UT e 1i wui sica cde iis H 

: S Talia Ши GB AGE RN RE B a A A al- ШЕЕ ШІ ЕНЕНЕ Це ШАКИН odd ТЕН qe 
i PP ПИША ЫННА ЧЕ CREE ЕТП lia ОБН E ANREDE LIT 
БШК i PE Aa шр MD REIR TRAE Tat ah Е. des ble e ВО ЫНЫ Lose ie iin eil 

2 8 TC UE Tp e B ИНЕШ ЕЕ НЕШЕ n RERO Н. ads les ER del NAE. M B ND. ЫЫЫ ЗИ ЕЖЕ E ДР ШИ x ІНІНЕН 
ADMIS ah [ЕКЕП n hi РЫН kilet ha ОШЕН КИШЕН Veto ШЕНИН а P d i M UT Ll ME inak ме unu Dn a iie Ede linda А Ше Е: 
ЕЕ Mu mer EET p si HEE P Eis ИЕ їп ШЕ ЕНЕНЕ ДЕЧ m КЕЩ МЫШЫН Up NU ic ү ІШ 


ШИШ ЯН 
ДЫҚ : 


dr 1. ТІН sau a 1. н a ne C ae MI Hal de 
he ipie ui ІНІН! УДАРНИ АРЕС БЕНЕН ТЕРЕ ЗІҢЕДЕГІНГІН ЕЕ 


0 ЖЕНЕ ҚҰЗ ШЕНІНЕН mW ҮШ БЕЙНЕНІ Шр, ЇЙЇ ИШ ЕНЕ i ИШЕ: [ү шнш 
28 32 36 40 44 48 52 56 60 32 36 40 44 48 5.0 56 60 т” 


Advance - diameter ratio, J “NAA” 


(e) M = 0.70 (f) M = 0.75 


а 


66 


Figure 13.- Continued. 


09 


22 


ШИНЕ: 


-“.. 


20 


H: 


18 


. ur Tm ses 


TE pr Hi 


m 


i 


ig i 
Sl... 


A 


nd 


10 


Power coefflclent , Ср 
го 


пи. ола 


FETIL 


T NTR RTE | à Y 
i 1. 
HERIR ШЕШЕНЕ 
musei" HERAN 


am 


28 32 36 40 44 48 52 56 60 64 32 36 40 44 48 52 56 
Advance - diameter ratio, J 


(g) M = 0.80 (h) M = 0.84 


СТӘҢСУ WH VOVN 


Figure 13.- Coneluded, 


im | СЕ 


ЕЕ = m 2221 ПЕЕ T 


Power eoerrielent s Ср 


— 


x 8 х ЗЕН, IRE: pe | 
ВИ pu iM 

Nu sicnt 
4 ‚8 P 2 ar 


К БЕБЕ 


sss i ae dr s FHH 


d EE "Eg. ш: E 


UE 
21 
i: 


EE E + 
HET прай 


си: ae H-4- Т Тү - 4% ва ze 
Ei HEE 
НЕН 
ВЕ 1112 | 
SIE 
ч: НЕН 
E: ШІ: + 1 
ПИЕ 
i "Ez: 
TEE ЕЗЕН 


p 


Advance - MA ratio, у 


(а) M = 0.15 


(b) M = 0.20 


Figure 14.- Variation of power coefficients of the front and rear components with adyance-diameter 
ratio for positive thrust; NACA 4~(5)(05)-037 eight-blade, dual-rotation propeller, AB = optimum, 


вріппет A, 


сте СУ WH VOVN 


19 


2.2 (ниши УЕ ри хао uam Hemd 


Power coefficient , Cp 


о 


LA E 


125 


p! пБ ШЕН 
42 1 пл 


ү d: ШШЕ Е n 


SEA sud 1 


pe ри Ки iki 1. ded 
nim: E MALUM FM udi 10 i ЛЕ HEI 


— os К Щи Ер :Е: НЕ и: zi eed 


(c) M = 0.40 


ie 20 104 28/239 Ge 30-44 40 


func БЕНЕН ЕДІ gg: nal " 
а zn E eem 
t Жин 


тадык EER HEEE 
TET THT ТЕН ЕР 


Pr ETT 


Figure 1h.- Continued. 


2: 


MALES [TERIS APTE MICAT НЕКЕ 
Е ЕРДЕ ИПИ SH EBE 


513-821 ae 


4474 171 
PE tie ik ЕЕС Г e г +}. 


„Р 


VOR ПЕРА E 


„л E acu 


pare REE 
СМЕ ЖЕ IPE E SE Ера ЕР KS 


52 24 28 32 36 
Advance - diameter ratio, J 


"tace 

ҚАН 
Еа 

Wim ae 


Итан СЕНЕК; 


- 
>” 


‘af 


ЕЛІ 
EH 


"rin rr 


» 


F 
Hp ge 


a 
Фа 
нр ее T 3 1 үүт 


L1 e Pb 
Жы; 


care 


Е жс 


НЕ 


D 
HUU T НЕ 


Š 
am MEME: 


ine 
ERE К RE EC 


PW NL ЧЕРЕЗ (ta. ae aes IE E IE Bk ИЕ ТЕГИ 
Saat E te : 


а. 


А 
Щр 


Б ER 


АЕ E Mato к 
ШЕН A 
E EEE БИТІН; 


лы 
КЕ: 


“л. 
LJ 
а. 


Е 


a 
= 


LER ERE 


tu 


ЕВЕ 


Унт 


+ 
ЕК 


198: 
Wi 


г 
ñ 
y 


EL LASER T E PE RE EE Ei 


SEE 


си 


т 
ERG 


СЕ EE PEE ЕЕЕ 


ae 
зыш: 
£ За: = P> 
е, E, ES: 
и: 
ын 
J 


ЕТ 


2 
= ty 


Ере р 
irri НЕНЕН 
Tr EEE 


i 
> 


ТЕГ” 


Pr 
TK 


З вне 


74 


imu 
uie 


T EIHIN 
"FH 


mime MEN ЕНЕ 


"bird 
rh 


2222011: 0 
и 


1. 


Шева 


40 44 48 


(d) M = 0.60 


CTONGV WH VOVN 


2.2 m 


RETEN HIT [bie ПУ аА АПЫ Е ШОЕ Н Ж ИШИ ik 
E 1. А ЖАШЫ ПИП НЕТИ" ii b Ei yh s 
Чп iti it 8 ШЕШЕН WE RECTE vr m ч 
n deri И th TAUTE SI, ; 


RE Bat a on 
2011 2. 1. 


И || EET E zo 


ШШ ШЕН 
f di i: Hai ШЕ ii 1. |: 3 ТЕ НЕРЕ ІН ila io ett 


itn dli 


ШАШКИН, a A LOI le NR GL МЕР 


wi Xl 
ү чыз 


СЕЗІ ZER 
a 
re oe = 
= 
= 
== 


"улыс: 
ud rd 


ЕНА ЦН, 25 y tai: ar ОД, Hi n 
ЖЕТИК ИЧЕ, ЫЗ HERMES А MON MAD. MESE 
ME RC ШУ ЖЛЕ! РАД АВ EE ER и 
RNC ЕТЕНЕ 


He its На 
E Ey a 
ии АШ д! PH Y a aun Perl un 


EA. i 
[her 


n 


ra 28 32 36 40 EU E 


(e) M = O.TO 


i ШЕ "КООН 

.. WU ШЕ КЫЙАЛ ОП 
E ү ИШЕТ ене Е аа RN a a 
ҮШҮ ШҮН er EB ouo па ке ЕНИ 
оо 


AEE R AE E NAAN ИК ЕГШ ap ш. | 
ЩЕ ШТИ ТЕ, НЫНЫ ЫШ 


iet. Tr MM ud te 
ШШЕ АДЕ Ан Па pr ША H ДЕНЕ Нана 
[ЕНШЕ (КЕКЕ ЖЕ ИВИ: Fs ERES YAP НЕЕ 
VEIT RS a E UR ЕЕН И e MS ШЕШ 
Даев Y ЕНІН NER UN UE 
ШЕТ ҮГҮТҮ ра 
RH: А ВИА Из ЧАД БТ ИЙИ ЖЕТЕ ЖЕП ө ТР. PNE Di 
ы s nor alg: é L M MGE мои A т 
tu alla Фа E MAD enc ЧЫЙ 
SE A A UA JM UN a MU M 
НІШ ІЗ ши ф 

ШЕР 

i Ша 

ЕЛ 


EES E didum al 


Fa ШЕЕ EE 
FE: 


ne 


EE 


rt 
EEE 


FE EF E E BEE 


Ес 
ЕЕ 


Е 


m 


RH i jin 
a 
ПАК: 


Xu FE EL 
ЖЕ Pe E f 
ЕЕЕ 
БЕ: Ez 

UC Bei 
EET! 
Жї 
ТЕНЕ 
Ее: 

- 
— tis 
ШЕЕ 


Esse ЖЕ 
aoe г: EEE ШЕНІ 


i ІНІҢ! "ПЕЙ: 
He 


21: 


2... 
m DE 
VES a ULRICH IG LU D peti 


REFI 


F = 


ШЕННЕ ШШ Ui ен: AE EUM Si 
TRITUM x ШЕН ЫР HE: Jum i a s ur 


n 

зең == 

E 
Duis 


ul Ud ШАҚ rd ЕЕЕШ IF 


niit ae "wu 
iË P pese NU 
ilata E: b e 
Царица 
ср 


| n. ШЕ ШЕ Е 
Ше ШЕН POET НЕ zs 


ШКУ 
i: Bl: 
EM y 
NL 
% 
od] 
HE 


лк се 


E 
EZ EE 


124 ECE CSREES 


iu 
enr 
2335 
сы 


Ес: 
Ee 
АНИ H А: 
is icH dur 
SUME 
Не ДЕНЕ 
ETE TE 
ERIT 
EL 
F 
A 
де 


S En 
ЕК 
AS 


тіне 
кес 

г 271-4 

КЕ 

== 

и 

== 

ER 
ЕНЕНЕ 
zzii = 
ix 

с 

ғ 

Е 
Аслан. 
[E 

r- 
БЕ 
БІНЕ 


rupem 


irs 


iH 
HE 


PE urs 
Е Нала) 


2. о 


Шы 

2 
a 
Dd 
e 
m 
SEIS 
Pese 
jd 
up 
mac 


Y A ПЛЕ Er UE ОЗ m 
1 


тая 


sit ide SEA NO SA SE SUN 
ИЙ Pa eat Ae Mel E ЕБЕР HERE ТА E 
Wenn. ee 
PR S: а } ш; i НЕЕ Phi Hz EIS ШЫ he: E КЕМЕ ence Dui НЕ БЕЙНЕ Ізі 
li pr Күш ЫШ, r ШІ ҮШ: s ЕНЕ pr ‘Reig 


mE ТИН ШЕШН Б ЕВЕ ГИА He Но 
52 24 28 32 36 40 44 48 
Advance - diameter ratio, J 


(f) M = 0.75 


Figure 14.- Continued. 


n 
H s bre ER 
112. ош 


$c 


ШИН 
ЖҮ НЕ, 


E i 
=m 


MERE ЕЕЕ ТҮ: 


ТЕ 
is A үс Ph 
"Mahal d de dri 
Erde Ae 
ТЕЛІМІНЕ 
ДП "ше 

Я 
ж 


еше шаш 
= 


Adi PRE EE Ел 


752 56 


5 
> 
z 
Š 
ad 


£g 


n9 


16 
14 | 


E 


aoe ee 


A EN 
4 | TED 
5 ki: шү - Е 


== 


RECHNER 
qe: 


кшк CREE URE 


ЕЕЕ ЕТЕР ЕСЕН, 


ШЕ 


oe 
ДЕНЕМЕН 
E E ROUES ec E 


See 
пеещ 


ВЕНЕ Ет 


: = Hi iu at zn yo ire Ema 
0% acu НЕНІ ЕГЕТЕ ЕНТ BERE СА НИЯ STEEL А ERTE 


b4 28 32 36 40 44 4B 52 24 28 32 36 40 44 48 52 Бе 
Advance - diameter ratio, J 


(g) M = 0,80 (n) M = 0.84 


Е 
n 
2 
5 
В 


. Figure 14.- Concluded. 


Power coefficient , Ср 


2.2 р ШІ ПЕШТЕ PIN manam 
1. ІШІН jm ШШ ilid ОЦЕНЕ ШЫ, 
ІҢ ШЕШЕДІ: | qm [ШЕ k: 
20 И ШИШ ЫШ бея Н ПИШ үүн PART y: 
; ТЕНЕ ШОР 1. ЛУІ ІШІНДІ 
ШЕШШ ШҮ ЩЩ ШШ | ШЕНІНЕ ҮЙІП | ПН [ИННИ 
| ШШШ ИНИНИ ШҮ i | ШІШЕЕ Ы ШЕ ШИШШШИ накои рия ШШ 
I.8 HEH TEH ili ШИН ШР | ШТ ШЕ | ИН ШШШ] un 12. | ШИ ЕИ ИЕ Ч 
: ПЕН | ШШ ІШІН ШОШ ТІН Пана ШШШ НИШ ШШЕ ШИ; Eee NE 
ii ИШ! ІШІН |! ТЕШЕ: ШШЕ ІНІ ІШІНІҢ ү 1 ШИП lic [ER Це ШЙ ДШН illnm I ШЕШН ШЙ ө ИШ ASHES 
11 ШШШ Ши те ит ет еден | 1. ША H daH EET ШИШ jb iR i i 
16 ШШ ИШЕ тури ТШШ И ІШЕ ЇШЇН ДЕКЕТ ШИШЕ | ШШШ | е 
— mum ШЕ ҮШ | 1" | | Н . || Ши 1. i ДЕК! Шү; i PINO 
TESTER ER HU Li HR I IHH i 
EARS PE M SIUE NS ІШ ШШЩЕ БІН ү | 1. К 
14 111481 ШІНШІ 2. ІШІНЕН ҮШҮ НЕНЕН Lintner had Ti 
“т ЕНДИ ШЕ TE ai ШШ! НЕ ШШШ d nud ы ТІ — 1 2. ШШ 
N ا‎ INI: 2. |. ИШЕ 
ШШШ ШШК о : ЕН ИНН НЕ ШЕР M А (Un a Van mi чүн ІШ s 
12 | арест: ЛИЛИН УШШПП ii 2. [ШЕ ШЕП ims ШЕШЕ ү ШШЕ 
e И T ii ШШЕ КЫ ү КШ al ШИ ҮШ ibis ІШ iE | | ШОШ КІШІ | ШІ 
ИШЕН i HERBA Bets ОЦА В BHI НЩ H ү ШАШ uM fiber ЧЕЧИШИ 
ИШИ i ШШ ЕЕ "In BENE ЇЇ НІНІ ІШІ mai 11 ЦИ ` 1 [ү 
LO Е ЕДРИ НИ, ШЕШ | ШЕ [ШЕШЕНИН ШИМАЛ. HHR HAH 
i | ШШ W ЕЕЕ ү `. ШП ШШЕ 1. ШТ НЕ 1. 
TH: HiHi НІНЕ ИНН НЩ НЕ ҮЙ ҤЕ ҮҮ ИШ, "ШШШ и ЕНІ ШШШ ІІ ИШЕ ШЕҢ ИН ШЕШ ИДЫ ШАН [АШ 1 PHHH ШІН H 
ОШ ІШІ ү ЕН ү ШИШЕ PR iR 12. ur 
8 | Ан ERR ША ШҚ ҮНІҢ! ШШЕ a ШЕШН ferm ИНИ Н ШІСІ ІШІ | m 
O (7 gui 1. таи 1. | | 11. КЕН ШП ШШ ШІН! | 
i op ШШЕН ИЩ ҮШ И ІШ! НЕШЕ Ii ERIT 1. НІН [ШШ ii | 
iE E TERES e ЙЧ, 1 ТІННЕН ШЕШЕНИН Н НІШ Pen Pala Hi HUH LEE 
e EI | [ИШ] ЇЙ ШП | — DU T КІ m ERN ШП 
“ШШШ 2. ШШЕ ДЕШ | er TH te | ШП ШШШ Ii 
Ni pe пики ик ШЕЕ ИИ ИЛА ШИШ ИШИНИН ШЕЕ ЕҮЕ ТОЛ к ШЕ 
ШЕШШ ШЕННЕ ШЕШ 1117" ЇЙЇ Hua il HAH p mm ІШІНЕ IQ 
4 ma 01 ШЕШШ КҮҮН ОД ЛЕД a ЕБ АШ ШІ 
"^ ігі ШО ШИНЕ nm ill EN ШІНІҢ [ШШ Le Иии Н ШП ш НІН um 
ШШШ) ШШШ ШЕШ ШШ ІШІ iG EAE m ll Ba ИШ aH 
HI T i ui 1. ІНІН ОШ ШИШЕ 1. ШЕЕ ШШЕ 
2 ШШК К ini ДД РИ ии 
ШШШ ШОШ [ШШШ ШШ ІШ ШЕНІНЕ ІШЕ НІ ЕНДІ ШЫ ШШ ГЫ И | 
Н 111 TERT ERR TR A TEE | iHi E Red iis hiti | Hilli ha 
. 1 .. H 
0 iii ER ШИШ ШИН ЇЙ ИН ШШ 
28 32 36 40 44 48 52 28 32 36 40 44 48 
Advance - diameter ratio, J 
(a) M = O.60 { (b) M = 0.70 


Figure 12.- Varlation of power coefficients of the front and rear components with advance-diameter 
ratio for positive thrust; NACA h-(5)(05)-037 six-blade, dual-rotation propeller, Ap = 0.89, 


spinner A, 


=з 


EE 


~E 


== 

Bet See 
ЕЕ 
ВЕЧЕ 


P 


== 
xz 


P 


=<: 
= 


ЖЕ 
к ЫЫ oe ee 204 
gu BE d dc 


=e 


eae 
2 


дадени ЕЕ 
: FZ 
ETERIC 


Vs 
RE Se ее 


сие 


k=: 


ие 


race 


= 


=-C L= 


a 1 | || | | 


EHER BE E 
eel E 
тили ъв 


5.2 г” 60 ти 


16 


стоцст ИЧ VOVN 


с9 


Power coefficient , Cp 


o 


A 


№ 


LỌ 


32 


36 40 44 48 52 56 60 64 22 36 


Advance - diameter ratio, J 
(c) М= 0.75 
Figure 15,- Continued. 


EN Н : ВВ 
ace j ea ` ҮШ ШЧ: 
c КК HE 

xL gi. d iM MS E i 


м. 
ae 


ЕЕ ерес 
u 


Ari E ee A IE 


EU] 


іші 


pu 
Ee 


ium un EHE TR anims 


— aa a8 52255. ол 


(а) M = 0.80 


3:: 

Lu: 

ЕНИ THE 
на: 


99 


€TDHSV WH VOVN 


Ea dere a s 


ШЕШ КЕИШ ШШЕ БШП pn 
Ша жыш ШШШ 
и ge 


‘Ni | TRU | ШШ ШП ү 


ж НЯ 
— 
Ел 


. 
ә 


= 
Ur 


id HTH HH HEP 1 ШЕШ я 
il: р iii i 1 iiil | ин ШЕ ЕҢ x 11 rises 
TERRI КЕЕН и ШЕ s 
ІЗ а ЕЕЕ ЕСЕ 1 ЧЕ ШЕН [ИЕШЕ 
ОН, : ШШ 
ІШ ШАП АТЫ БЕШИН ИНЕШ ИЛЕШ H H TH ор: 11 ШЕН ШЕН 
АДИ ШІ 20 ҮШҮ 
ШШЕ ||! ME mol p pm 
е |! | iP ear THE BENE HHI HHI HII ҮШ ДН: НИЕ, 1. 
ІШІ А Ы ШИЕ di ice IE ai Е Ш 27 ШЫ ERE 
ІШІН pei e o ag Di ч 11. 1 
unes ‚н: ing EE ИШЕ АШЫ ШҮ Б 
11 
ИШ Ша 


: ШЕЕ 
id : b ВИЕ и: Hip: br date 
id ЕҢІНДЕННІҢ lli! " ШЕШЕП І чи Jd HH ли 0 үр Шы: 


сен 


"M ДЕН 


TER = 
s: 


2222. 


jip! 
dl 


КЕЕ 
EEE p dies 


LII 
EN .. 


пра 


Е 
ПЕЕ века EE. š : 
Eg ЕЕ : Ei 


UTERE 


"TT 
HT 


nz SF = ЕТ) 
АА E 


| 
|| 


ii " 11! n ARN К beet s | 
2 TE B 
D ЕНДЕШЕ end LE dtu [gue 
NU 
THIS | ЕНІН ЕШ ШЕ ': LE ijlt 1 
t ШШ ТП d m 
о ШЕР Mo di 
La H m q AN H HEE dm | УГ hi ii: Їн ИШЕ: НЕ ТЕТІГІ Ju "a er Riu irn Hi: а 
НЕРІН: ШЕЕ ШЕ | | nd id 
ү. |! ЕН Бар ` a 
ШІ 2. ІЗІ: | RE in NT ү. li 
НЫ ШР : inui E i 


uit 
ill 


үш ШЕ 


Power coetficient , Cp 


ЕНІН НЕЕ ! 
iii: | a || T 


== کک‎ пъти 
газ, таз: аңысын іс 
I Аена ык үа 22 z mn 


тс = 
КЕТІРЕР, HEEL 


t 
=2 БЕН 


TYT 
we — 


E ДИ itt, ЕШ 


Да 


ІШІ Bi || hi | | Ше п! ЕІ 
T 


m ЖИЫ ч 
is 2. ШШЕН ЕШШ P 1. | im N oU ЕНТ 
ا‎ а БЕ т r lil 
| HUN H j: lig: БІН ШІ И ІНІНЕН ІШЕ i; i и ЖЕН ti | | ү | 
ا‎ ШҮН "np 
БЕНЕН com ШЙ: ЕЕ 323054 


i E E н Е ; ІШЕ 
ТІН Че. ` 
TRY | ШЕР | Н IË alis: 1 a ЕН 


ЩЕ: LN 


E un 
все. db 


n st 


ЕЕ: 
TU 


T | x 
ЕНІНІҢ! ; ШЕК НЕЕ ЕП T | nic man, 
QUEE n SENE Eli ЕЕ ЕШ E Hi m Рал | 
epa gale E EEH HIHI ШЕ Hm 1. | i ЕЧ 5 Bud ШЕ НЕР ШП Ш d il: ПИ TE ih ili ids 


| iu n? Pat - На: 
28 32 36 40 44 48 52 56 60 64 24 28 32 36 “40 “24 48 
Advance - diameter ratio, J 


(e) M = 0.8k (f) M « 0.90 


Figure 15.- Coneluded. 


EIONGV WH VOVN 


49 


HIT 
аги! @ инш! 


тв. 


2... гг та PTPTYTIITITTTTUTTITTIIICTT 
"rH HIM ТЕГ ТІГІСІ ДІЛІГІ Tr: Е 
ЕЕН ЕНІН ۳ 
H - ары ыы 
5 Н +: == 


^ 


TTE Е 


вее на 


TT... TI 


"EHE ЕДЕННЕН FEE EEE РГЕ 


Power coefficient , Cp 
N 


I 
+ь 
а 
= та БЕ 
Г, 


r: : 1: аз Етте: ип 222... pes 


eT fen БЕ: US наг рень 


тте ЗА 


Ri; 
5i 
A 


Вар iila dg 
шш 
Е lout ae 


Е 


zm 


== ишш: 


ЗЕЛЕ: 


3 «ил с рия 


40 44 48 28 32 36 40 44 48 те "XS X0 44 25 
Advance - diameter ratio, J 
(а) M = 0.60 (b) M = 0.70 (c) M = 0.75 


Figure 16.- Variation of power coefficients of the front and rear components with advance-diameter 


ratio for positive thrust; NACA h-(5)(05)-037 six-blade, dual-rotation propeller, A8 = 0.89, 
Spinner B. 


89 


CTONGV ИЧ VOVN 


| a Вереница кв е Cee ee di ТЫТ 


ae 1 ШШШ 


2. 
и 


i d || can 
ШЕПН ИНЕ 


i АД 
ийчү ЕБ 
Ин ШЕК 


Eri 


= ee 


= 


5 
> 
= 
© 
В 


O 


ijid: "m 

ШЕШ ПЕ SIE m ү bs ү. 2 m i i n ja 

MEE reba | S dst И m atl 
Е 11 DNE i tr 1 Шу | 1 


ШЕЕ, ШЕК 1. ШЫТ nm M ШЧ 
HEE an Е i бүт || ert 
HEHE EIS КЕШЕ шүү РЫ 
| ШОШ pi Wil ED: ДАНИ 
1. š | E а: ННІ 25 ia nae 


T 


2. 1. 
H. н 


Power coefficient , Ср 
Юю 


| | ШІ | ү ur E ШЕ 
ү i НЕ Пеи uH i ES Ai I" i i H Mum п; 2 TH 
I ИЕШЕ 


Дада ИНДЕ HIHI 


ШИ ИШ ШЕ УШНЕН Sup et EE RE ETE METTE Е Це ui usn putemus ТЕ pp ui А. A 
28 32 36 40 44 48 28 3 2 36 40 44 48 28 32 36 40 44 48° 
Advance - diameter ratio, J 


(а) M = 0.80 (e) M = 0,84 (f) M = 0.90 


Figure 16.- Concluded. 


69 


TO 


Power coefficient , Cp 


МАСА RM A51G13 


1.6 | 


^ 


"n КЕНАН 
ЕЧ: n SUE dae ETT 
M NS s 
ПУН; TERE A банер i 
ARRIA RUNNER IA 
5. ще Huh 


го 


1.0} 


Advance - diameter ratio, J 


(a) M = 0.60 (b) M = 0.70 


Figure 1(.- Variation of power coefficients of the front and rear 
components with advance-diameter ratio for positive thrust; МАСА 
4-(5)(05)-031 eight-blade, dual-rotation propeller, ЛВ = 0,89, 


spinner A. 


Power coefflclent , Ср 


02 36 40 44 48 52 56 


НЕТ КЕНЕН nari AE ks Mines ее Denm eae c КШ 
Dr o3 ИШ: АШЫН i ra арт : d iiam: 
rd B TEE ER i adinim. 
hd ШЕШ ЫК чн m ІҢ КЕНІН [ШЕЕ n pu o dal ik 
ИШЛЕГЕ : i А m. ЙЕН tus: Mei Г БЕТЕ 
ah AHE н: JOE adli igih ДЕ ү T 
ao s Weal EX 4 ra xu SB 
ШІ: е EE dl ei ЕН HHI: E : : чи: i 
йо d p B E 


EM rà "iia IP „ш: 
p Een DUE а ET 
111. ІІ ШЕН елена “i Е 
її iss А ulis T Уй шыш л, iq : i 
ШЕШЕН nee doge kai ШЕТ йа Цит pu us E 
ШЕ ШЕТ B: HN HE pr ER mr ue T ЕЕ a ТЕН 
ү е Ma ВШ, DAL TIE 111 
ШЕЕ ҮК ПС el 
ЕТ d ІШІ: xb dedi dz ddl TEE ix 

(E ЕН, 


Т É i Ка ч г 
қ pu не 


И. Веси: 
a ui 
ае jiu үз Air cor is НЫН Er. шн КЖЕ НЕНИ НЕЕ К 
bi Hi Eo tà n ШАСЫ ДӘЛЕЛІ fd. УЕ ТЕКИН ІЗДЕ Pa Ша Ще: іле ык ba 
Aie repr. i NN Typ ed ДЕ ЕР b 


HUE kik езен! 


ОКАТ поне МІЗ ii s h: 
o EAS ae dabant фа |i 21: 
не ЫИ. Bi. TE 273 ДЕ ШЕ: pu 

P ЕД Ж da ЕЕ, 
ЖАГАГА. лү ШАНК ер. asl H 
ibi ue i ТА Алое CEA: ИЗ ti 

SM Ui ІП ГІТ 

АШК CLA Кш 

иа ЖАШЫК: ИН ДШ IF: H W: pur 

HUI S EEL D te lale 


rat: 


NU rere FRIBER 
Acre hou UR 
= Sn Е: 


d tdi 
АН ВАН LEH Topa ЕСИ 25 : 
< „аш: Шр 


ТЕЕ i 
а ES NUT ME 
nalis РЁ | 


нь Ж: 
а 
ще 
иа 
api 
ЧЕНЕЙ. 
[E UE 
a es A 
a ugh EE 

ГЕН 

tdi 


qui és nd i Зе UT M "E p dp а Sc ДА. Ыы E Eig 
e essa s ЗДЫ TES CSS M GM EID, else NEE ИЕЫ НАШ 
60 64 68 36 


Advance - diameter ratio, J 
(c) M = 0.15 


Figure 17.- Continued, 


р тыт P: 


1527. 


r 
Е 


Е 


NM une Be Rote ЕЕ БО ры ур 


ҒЫ 
m= 


Aya. pr 
Ba: 


ifs 


На: 


се 


Де 


` eld 


FS SE ШЕ ibe гү: T: 


eB 


T CY 


КЕ 
“24:33 


ж 
mw: dod. 


ак бее ыруг мез ЧУ ET X: 


кт 


Зад: 
. 4” 

r ay AUI? 

nak 5, ra 


FERREIS EET IEEE = 55 


- pi 


(4) M = 0.80 


"IM LEO WE ДА 
КЕШЕНЕ si aii 
40 44 48 52 “56 60 


p. к ШЫ 


alib a NN 
к 


4 1 1 ا وغ‎ Э اصے 3 ایا ا‎ | 
= ЖЕЛЕ ИЕ ل‎ а ا‎ Ех ыс ык ای‎ ы SE JS 


Т 4 dod ede peg 11 
IT РУ Ве es ра a АЕ NETT VEN EBEN, з 


£TDTSV ИЧ VOVN 


т}, 


22 


20 


18 


16 


skje 
HH 
. 
1 
Zr 
HT) 
HELT 
— 
` 


1.2 


LO 


Power coefficient , Cp 


o š HHH " ШЕН Naps, unt HHE E напиши : h н? ‘hash: 
32 36 40 44 48 52 я 60 64 28 32 36. 40 44 48 2 "56 60 
Advance - diameter ratio, J 

(e) M = 0.84 (f) M = 0.90 


Figure 11.- Concluded. 


стоцсу WH VOVN 


NACA RM А5ЩС13 AN 13 


1.0 

TILLLLLLLLLLLLL 

Eis L ааа 
БЕР Раа 


N 
PIATTI: РМ 
BRBREEEEB VE 
азе ишаннын чин 
РАК 
ГГ е МЕ 
6С 


(а) В = б, АВ = optimum, вріппег А. 


= L... FEIN 
E a NH- 
_| IL N I 
SEER EET es 
_| үү 
ПРИ НЕШ A 


4 
Масһ чИ % 


тах 
о 


Maximum efficiency, 1 
= ; 


b) B= 8, AB = optimum, spinner A. 
(b) B р , 


e 18.- The effect of Mach number on maximum efficiency; МАСА 
Шатты aen gix- and eight-blade, dual-rotation propellers and the 
МАСА h-(5)(05)-Oli two-blade, single-rotation propeller. 


- -- 


Ж ы 


Maximum efficiency, 7 max 


22222222 221 NACA RM A54G13 


709 


ТҮГЕ 


NN 
АКЕ 
„ыл ы 
LE LLLI NNCL 
I | | NN 
тое 


9 Í 
Mach number, M 


(c) B = 6, Ав = 0.80, (d) B = 8, Ap = 0.89, 
spinner А. Spinner А. 


Mach number, М 


(e) B = 6, Ap = 0.89, (f) B = 2, spinner C. 
Spinner B. 


Figure 18,- Concluded. 


es 


NACA FM А513 жард" > 


d "d 

5 d 

A 

N m 

u I— 

с) 

© 

[| [LLLI с 

о 

ЖШШЕ ИИ ys = 

© 

ү LL s 1 

(| у ШЫ : 
< < 
ا‎ у... ë zi 
дш : B 
x sË 
CO е е ег h. 
бо Е PE 
ОВЕН : z B vg 
iH 
| | | | | g мш ° ДЁ 
B: FO +4 HB H 
TE. 
Š < 88 
5 ато sk 
^ чо Ú азр 
хо c + O 
m зв 
It S 22 £I 

+ 

н. 1258 83 
АКГ 2 < 3 
ү, Ml. Де 34 
шиш и 
+ 
© 9 ә 

ы 

О 

p 

N D 

= 9ч 

Gt 

Ф 

D 

co Е 

| I 

el 

є o 

| «€ а © © E 

ХОШ © *£5ua8i9IJJ8 шпилхой zi 


76 


CLE | 
CARE 
COCCI, 
БА 
Co. 


Advance - diameter ratio, J 


НАСА RM A54G13 


o.8° 


(3) B = 8, AB 


(e) B = 6, Ap = 0.89 


Concluded. 


Figure 19.- 


МАСА RM A51HG13 


(a) B = б, АВ = optimum (b) В = 8, AB = optimum, 


Maximum efficiency, Nmax 


(c) B = 6, AB = 0.8? (a) B = 8, Ap = 0.82 


TT 


Figure 20.- The effect of tip Mach number on maximum efficiency; НАСА 


5-05) (05)-037 six- and eight-blade, dual-rotation propellers, 


spinner A. _ — , | 


78 


& ' Kou 2|443 
m Ф + 


~- - B=8 (coeff. x 6/8) 


— — B*6 


Аш 
іш 

ж 

IIT а 
ТЕ ЕТЕ Т 
ТЕЛКЕ ЕГ 
ТЕШЕ اا‎ 
muhumanta asnan. 
u 
Е 
ж 


А 
الل اي‎ 


) и 
12 “шәюімәоо sni 


Advance -diameter ratio, J 


МАСА RM A5213 


- Optimum, spinner A. 


dual-rotation propellers; Ар 


elght-blade, 


Figure 21.- Comparison of the positive-thrust chgracteristics of the NACA 4-(5)(05)-037 six- and 


НАСА RM A5hG13 


l.2 


Power coefficient, Cp 


_6| „24 
© © 

+= — 

55| $20 

5 |ә 

= e 

541% 

о с 

23 TE 

Е | ë "ЕЕЕ 


| ШЕ НЕШЕ БЕ БЕ БЕ хан 
“ЕЕ 
ык LI LN 
5.2 
prm 227 es | 


(a) M = 0.60, Әр = 659 (b) Ме 0.70, Bg = 65? 
Figure 22.- Comparison of the positive-thrust characteristics of 


the МАСА h-(5)(05)-03T six-blade, dual-rotation propeller with 
АВ = optimum and AB = 0.89, spinner A. 


79 


Thrust coefficient, Ст 


D 


Power coefficient, С 


NACA RM A51G13 


киш a 

„кл Е 
| EX EINE 
[DD 


š 32 36 40 44 48 36 40 44 48 52 56 60 64 
Advance - diameter ratio, J 


(c) M = 0.80, Вр = 65^ (а) М = 0.80, Ви = 70° 


Figure 22.- Coneluded. 


Efficiency, » 


NACA RM A51G13 


ЕЕЕ С 
LLL L Lie Lee lš 
ТЕЕ ДИ TT 


36 4.0 44 


Juncture gap open 
---O--- Juncture gap sealed 


5.2. 


| | | TIS | || 

_| Lais ү р 
L| | М м 
_| т у ү 
LL LLL | М! у, Ll le 
таз ү 
ТАТАТ 


IIIIN EHNERNENNA 


Ly * ]U919U1909 {еп 


k 


Advance - diameter ratio , J 


Figure 23.- Comparison of the positive-thrust characteristics of the NACA 4-(5)(05)-037 six-blade, 
dual-rotation propeller with the platform-jumcture gaps open and sealed; AB = optimum, spinner А. 


81 


МАСА RM A51G13 


ЕЕЕ: 


Thrust coefficient, Ст 


Advance - diameter ratio, J КАСА 7 


(а) M = 0.15, Cp ув. J 


Figure 2h,- Negative-thrust characteristics; NACA 4-(5)(05)-037 six- 
blade, đual-rotation propeller, AB = optimum, spinner A. 


МАСА RM АБЩС13 


[ 

illii 
i 
it 


üt 


THI} 
lli! 
| 
|) 
ИГИ 


И 
ІН! 


инн 
НИ 
il 
| 
ІШ 
ШІ 


| 


| 


[їн 
11 


| 
ІНІ 
IIT 
|І 
| 
| 


Hit 
Hi 
| 
HIHI 
ШІ 
| 
| 


hin ili 


= 
LLL ЫМ. 1 


Pd 
— 1 


^ (for В -20?) 
ШІН! 


ET. 
11181 


SS 
TIT 
— 1; 
IIa eee ee 
RTL 


O 


iil 
| 


| 


Power coefficient, Ср 


4 
^ 


Advance - diameter ratio, J | 
(b) M = 0.15, Cp v8. 7 


Figure 24,- Continued. 


8h NACA RM A54G13 


ь 
ТТА! ГІ ЕН = 
PEE EEC EE CCE ш ш ша ЕГЕН ЕЕ вил їшї шии инин ш И ик 
ы [I | JF. ا‎ LLL I T II II) TF} | a 
Se ЕНІНЕН тшшш Hetter 
ша ыл иш иш иш иш иш БЕ иш иш иш ин ин иш LLL ULL tt LL | l t j A BMS MBM@EEEER LIL L.L 
ppp шин шан шшш шш виш ы ш ш шшш ши НА и и иии нин Sn ee RRR К, 
ESR REESE l Il b i l lD ПАНЕЛИНЕН ИНИН ИН н ти МЕ ИЕ БЕ ИЕ ЕЕ ЕЕ ШЕ И И ИЯ ИЕ ЕЛ ААА ши ив 


Thrust coefficient, Ст 


m рада не ами 

22S ee Soe ee RS EE ann ААА ииий БЕРІДЕН 

тиі wau кей Ga usa жи жа ша ша ee кей іші ні Вий ж wui Вий а eee Hirt шиши шк и амиышиши T PIL и мама E ELLE 
LL 


-200 ТЕТТИН ТТТ ГЛ ТІГІН 
ӘТІР ТІПТ 


О | 2 3 4 5 6 78910 [2 4168820 24 30 40 
Advance-diameter ratio, J 


(c) M = 0.20, Cp vs. J 


Figure 24,- Continued. 


МАСА RM A51G13 En 


Power coefficient, Cp 


LL ` | ми 1 

att tt LLL STI LL JII l ТТТ |` ! | | Le Т | LE TE ЕТЕР 

рыымааалма ТУТАТ ЕРРЕТИ 0 |` i! | просо l гг г ls] „ым, I!‏ اللا 
на‏ 

--ЕЕҒНҒІ: == d 

L.I иш иш эщ ищ | 


PEER CCC RCC 
ER j III II lll PS ER PRA AAU LLL 
-HH HHHH HHH ЕР ННН 


PTT CrP TT TT ИПИ Say 
EEEEEEHEHEHHEEEH E E FG T FH GEH HERE EECEEE EF E F B H BEL] B 


O 1 2 3 4 5 6 гвзю г 14 61820 24 30 40 


Advance-diameter ratio, J 
(4) M = 0.20, Ср vs. J 


Figure 24.- Continued. 


85 


NACA ВМ A5hG13 


THs АКЕН LLLI 
SENOS ICCC CEE EC eC 


Thrust coefficient, Ст 


ЕЕРЕЕ ЕЕЕ ЕЕЕ 
ТЕТЕ НЕКИИ МА 
LLLP) 


-200 EELETETEEEEEELELULEEEEELEEETERLTLELLEELCHEELERRSIT FT T EP ERITEEITTITI сы: 
ОБП ИИНЕНИН ИННИИ CJ, LLL: г. | RON det eee 


О | 2 за 5 6 F7 8910 2 14 I6 IB 20 24 30 40 ` 
Advance-diameter ratio, J 


(e) M = 0.40, Cp vs. J 


Figure 2l.- Continued. 


87 


NACA RM A51G13 


BEE P T PT PT ша пп DT шшш эш j T PTP I ITT RES Ill ll eR Ra 

TP RPL ec LEST TT TE TTT Ta ТТА 

TTTTTTI TITI TI  ITTTTILLLTLLLLLIII II ILLLLILILILI 
ГГТТТТТ LTITTTITITITILILIITTTTTITEITILLLLILILILLIILIIII Il jJ I LT lI 
i Tore ELT UL 
ап фий тыр ШЫ шш TT T I lll ll il l | LI l L III I ви Lu - H--d--d- Brame 
T et ee (ид при FO Наи d$ II LI тл PERERA ЛІМІ L 4 от Р4 LLL LI L.l 1 | sz, Eq рз Г ГИТ а | 

L МА ри ид кш ның пр L.I ¿L іне меңі іші иш иш иш иш Gr иш ш ИИ LaL. TT Ti 

[LE LE. I 4 l lI А D AE U U ді ді... РЕТТЕ ТЕТУ ТЕТТЕ Т LL L Шаша ш ННІ БЕРЕВИНИ L L TI I III LI ШЕ БЕН БЕ НЕҢ шын Ин 4 


па ии уин ин ни таа рад PAP коша Ыы л ттт Li L LI eee түт LCT тү 
ши ши һин T PTI LI II И НШЕ ЕМИ иш шиш „ии. „әл. L LI lll | 
T TT TI а шшш 0 ра а 0 ик иш ин ишы ии ил и ре ищ Ин КЫ и ШР РИ ЕН ш ишн шиш и пиши жш 
ИШ ИШ ИШ ИШ ш вы иш НИ ни И И Еи II ИШМЕР ШЫН ИЕ ЕП ш Ода ш ш ТТИ 
TL T TTTT. ee LIL LIL IL LTW LLLLILGL ee 
ра ра ид ик „ыи I ` Тал ЕТТ 1... 
ТТТ ITLL LIIILLLILLIL Li PILI „* г? дый иш ший ри TT Li НИ В ЕЕ" d | 
LLILLLILLCLCEELEEELELEL E D Lis ШАМАМ | lll ТЕ l| | 
ЕЕЕ РПО S 0. LU 
ЕКЕШ ТЇ 
Т РШ TIIL IIIT 
тика ET TIT TIIEIIIN 
| IILI TI IILI J III LLL ILL. 
ИР” и> ce иии И mm 
АЛАТОТ LLL LT TD ШИИ 11 


ин 
ЕВ 
БЕИБИНЛИНЕНБЕНИЕЕНИИНИНЕНИНИ  ШИНЫИЕИИИНИЕНИНИИНЛИ ЕНЕ ИНЫЕИЕ КИЕ ЕНІНІҢ Де 
a 
NN 
- 


й 


А АЫ I I TITI ایا‎ LIL LI МА Шы шым И пат! mau 
LI I LI I ка ара АВ РМ ВЕ ша | | па ee ey ш ы м рей уи ған ا‎ ДТ" p Pos; 


PTT a 
TCT TE LTT LE III В ОП ITL III ED TERR: 


АЙ РЕ ИШ БИ МИ РЁ ИШ ИШ за ЫР Бий ЫШ ШИ БШ ШШ ЕШ ПШ Миг ШЕ] ЛІГІ Ший Ый ишн иш иш ра ши ee ИШ ШЇ ЕШ ЕШ ЕШ ЕШ ОД Nee ТУМА „чаш 
ии БИ Ра ма ий Ш шш иш иш LI I L I TEL LDL LLL 


” 
а 
E 
E" 


ИЛТТЕ 
Le ERE 


РАВЕНА HE 
ПР ЕНЕГЕ 


var I EE Н 
М Pa га гъзъ REAR ER RARER IER 
ға 


а 
4 


`, 


BERR ERE ү Z IS ТЕТ ЕТИ 


2 3 а 5 6 7 890 


BASE RRM Re >: РНЫ ЕЕ. НТН 

Ё ЕЕЕ 611 

5” иш І De E EAT ELEELE 
-H < -H | СПП TELE ова оюшюнзн CLL LLL LI LE Ill ili T 
11 ЧЕ Еш | 
ин e иш | a 
LI] Ж. иш I ШИШ НГ ИГ 
H -— + Н ЕШЬ I за е eh a 

Р. 
H ть); € 
EN ишин E LELLLIL T STIL ЕЕЕ ди ра кат! ШЕН 
LI | иинин BARR EARN RRR | ШАТЫП ш 
an иинин BRR RRR 1 ШГП "s 
së инип Е LLLE LELO LETI ELLE I ШИН! i 
LI. LLL Ы LLELEELELLELETETLIT. | ЕНЕ" ни 
LL ШЕНИН Г SO І а а 
ВИ ЕНБЕЙ u" ИЙИШИП і ЕНШІ m 
ми LLLA и ИЙИНИНИН I |... Ий 
О m пт = O - 0: m 0 ON OM ql о 0 O О О 

ы ЭЕ. PT Perr пуча $3 9 Y 9898 
i 
i 


do *|u8]91)J905 Јәмод 


4 l6 18 20 24 30 40 


[2 


Advance-diameter ratio, J 


- 


3 Cp VSe J 


Figure 24.- Continued. 


(f) M = O. 


с) 
ri 
á 
< 
S 
< 
e 


- 
а 
ИКТ мй а а ри ae ҒЫДА ы 


: 
t> ; 
ТТЛТНДЕ ШИЛТЕ ИИТИИ ТЇШ CM 0 т ы 
TT ET Нлл Т ШИИТ ЛТ ТТТ ТШТ ТАШ Т — 5 b> E 
ei 
EEE EEE HEEE TTT TOLLE ІІ ШШЕНІНШГІНІШІШТІО , ОР 
š 78 
ШЕ ИШ ИШ ИЮ ше ИШ о 
5%, 
о o x 
Фф u С 
о е = Ф 
32-8 
Оч ъъ А 
— h 
< 
m 
e 


Š Et 
-l2 H- 


L| ш 
+ © OF O O O 
' ' 3 f кл 


1o *1u8191)J9o5 160441 


NACA RM А5013 


[1 1141 1 ITE LE Г 
ЕГІЗ EE SHEET ЕЕРЕЕ ІНЕ HEN 
ç ВЪН НАР ИРЕНА 


эи ин ин ин ип эи ин ип ак ка эл Ж ш ин шшш ш шш шишиши шиши нинин RT ЗЕШИ шшш ин аш ин | Lu l I ЕТТИН 
ELS | l IIT LT b | JT IIIIII IIL I HEEE EEO ll l h 


Power coefficient, Gp 


L HH- ELLE HHAH HHHH ESE 
H 8118444 —— тшш акъча, св аа на аа 


ЕНЕ ыы ыы LLL ШШШ ШИШЕ ШУ. ULIBARRI 
шшш тшшн 
Ст ЕЕЕ -БЕНІГЕІНІНЕМІНІІНІНІІ 


ННІ 
HH ННН 
НЕ -HH == -HH LL: ЕНЕ тини RE REE H PEE 
БЕБЕ НЕНЕН ННІ НЕН 
таин шшш lI Cu kull LL LLLLLILTLS. 1L: LL an 
ви Бирини н а اې‎ 


АТПЕН Шы ыы а а ааа LULL 


О | 2 3 4 5 в? 8901 VW us 
Advance -diameter ratio, J 


(h) M = 0.60, Cp vs. J 


Figure 24.- Continued. 


Thrust coefficient, Ст 


NACA RM A51G13 


a шини ию чинин 
ЕНІН "CHENG int киши ШЕ АНИ! 
ГГА ГАТ ЕА u I I I | икин 


ы 
ГА жшлш чинап ТА LLL 
اا‎ 
жвшева 


iy HHA инин 4—1 


ЕЕЕ e TT 
Ае ЕНЕНЕ ТЕТУ АЦА ТАНИТ 
UIL L Ll TL N+ NENNT А-У 


О | 2 3 4 5 6 78910 г "UA pup" 


Advance-diameter ratio, J 
(1) M = 0.70, Сп ув. J 


Figure 24.- Continued. ` 


НАСА RM A51G13 pum 


m G + о 


Pi pli ТТЛ ЛАГ А М TLL AT 
-2HHHHHHHHHHHHHEHHHHHSSEES PEE НАН ЕНШІ ТҮПТІ ТТТ 
-2 لاا اا ا للل‎ OSLO ГЕН 


Power coefficient, Cp 
0 


Pe PET TPP ELE 
НІНЕН ЕЕЕ EE PEE 
-12 


сешц ЕЕЕ ны ш 13 
18 E = ма ш Ч——ҤЄ—К+++--КА PE E каш 


"ЕЕЕ чиния ЗЕН НН Е ЗЕЕ ЖЕТСІН 
-60 НЕНІ ЕЕЕ 
II} LLL H---H--H- --- 2H 


с EE EE ИЕ 24 
О | о 3 4 5 6 Т 89 О 12 4168820 24 30 40 
Advance-diameter ratio, J 


(3) M = 0.70, Ср ув. J 


Figure 21.- Continued. 


Thrust coefficient, бт 


` МАСА RM A55G13 


ee ee Be SESS SES RO BRS ER HAHHA a TT 
ай ЖЩ ЕШ ЖЕ ЖЕ ШЕШ Pry eee eee ree жиш ив 
E H E E GOGE 
4-ға HHHH L| P=] i d d PP AE i нш 


нин” ИЙИНИНЕ т I ee 
BRR REE ie TE ET ТП 
ttt re д reer tree Ht а ааа ШЕЮ 
LEEEHHELELELEEV SER PP “ыы LER LE а ЧИГ | Шинин 
ГГ! TEHHHHBE оча cpu 
ы 


H- 
= LLLLLVLILI | LISDRILLS P í шш шш 
ЕНІНЕН RON шшш и иинин, ЕЛЕ 
III eee шилик у таа l BMRA RRR CRs 
ETT HHHH HNH ШТ АР ГАРРЕТТ ЫТ 
ЗЕРЕ ЕРЕН Н+ H LLL а-ы 


шиа 
fap Tf A L. kI T T IT D] Sanne tee EER 
a 1 EIL m=... 


BERR SARA RRR RARER ARE TILT МУН 
ННН ННН Ч ААА ЫШ, 

KRERZÉERKEEEEEEREREIE щат LILAN 
EH HETO 


Eas 


r HHrr+trrtrrH+HTHrirriitri—kkrrrrrirtirHrre 
вюоваевассюсовссозосюсдовменхов эш ши ии то ра шюашазишивияк.. 


О | 2 3 4 5 6 7 8 9 12 14 61820 24 30 40 


Advance diameter ratio, J 
(к) М = 0.75, Ст VS. J 


Figure 24.- Continued. 


9 
GJ) 


МАСА RM A54G13 


БЕНЕНЕННВНИН ИИ 6 I j| i TITI 
HERE 


N ш A о 


ELTA AFIT 
Pe RES О BS SSR RS RST Ee ТЕО ЕЕН па 

Г) ГГА А Т pal ү PCH 

ee Te TTT 

- | ee ee ee 

LE ttre PTT ee «X АНН ЕН ИИТИИ 

m Е ТЕС РНН 


ДАГЫ, TT 
7 ————-—--i----—- тош | | | EET TH “. ACH tt шш 
= 


-8 uui 2 т=з: ЕНІН 


m. 
ттт ГГ Peete ий. али ани гізі ши ши ли = —rTrH-H--HT 
9 EE -AAAA ттт т ү 
ни L m RS ща 


Power coefficient, Gp 
O 


ШАРДА -FH-H- 
HHH НЕНАЧЕ РНН 


-12 etr ЕЕН НЕЕ ЕНЕДА чена ЕЕ 


46 Í 
-I8 EERE ee А: КӨНЕНІҢ 


-20 ЕЕЕ == А, soot Seen Ж ҤЕ 


НЕН i шиш инини HA RAC ee 


-40 ЕРЕ ERE a 

BREE EEE EEE аа H- H H + + ا‎ HHH HHHH a ЕНЕНЕ ЕНЕ 
-60 ЕНЕГЕ ИШЕ ВЕЧЕН RS 
-IOO F == ——— “ااا ااا‎ ENAN шшш LI T Tl] ДІ! ЕН Ені нн өні 01 ні IL L FIT] шин —— 53 اطا‎ 


-200 == РЕНЕ т МАСА 7 
ща РАНЕН ПІШІНІН NACA ot 
О | 2 3 4 5 6 7 8 910 ІР 4 1618 2 24 30 40 
Advance-diameter ratio, J 


(1) М = 0.75, Cp vs. J 


Figure 2l. Continued. 


9} 


МАСА RM А5013 


сишао HESENR STIR 
ЧИЕ RT EN ААА 
IILI ы Мыл први»: 
LLELILTEILTITITETS НЕГРГЕ 72 2 


Thrust coefficient, Ст 


ESE RHA THEI EE 


ШЕН Ша шш Би ШЕ рн иш I l | | J| j| jJ шї | ии п. ш ии ши Ши Роб ш шиш BREE RE ee ШЕН ЛИШ ШШ J | j| L y ee Ee EY eee J ETTI 
L L. LLL L UI I! I| UT „әс „гҮ И ГГ ee н и у 


Шиинин иннин TE oan 


100 E АА ШЕЕСЕТ ЕЕЕ 


О | 2 3 4 5 6 78910 12 4 6 18 20 24 30 40 
Advance-diameter ratio, J 


(m) М = 0.80, Cp vs. J 


Figure 24.- Continued. 


— Ai 
nime. 


МАСА RM A51G13 


N о À O 


-7 EEE LE ЕН ЕЕЕ ЕЕН ЕНЕҢ 


Power coefficient, Ор 
д› 


10 ЕЕРЕЕ ИШ 
E пап а шиизин HHHH ни 
ГЕННЕН ЕШШ FALE tet HHH 


-18 СЕВЕР СР В ЕЕ SS EIL Pi E NSS НА ЫНЫ ШЕТ 


720 ЕНЕ ЕНЕТІН NN 


-24 НЕН ШЕННЕН ЕНЕ 


-40 ЕЕЕ ЕНИН ЕЕЕ АНН 


-60 ЕНЕ ШІНДЕ ШӘКЕН 


-IOO Е-Е 


О | 2 3 4 5 6 78910 ІР 4 6 18 2 24 30 40 
Advance-diameter ratio, J 


(n) М = 0.80, Cp V8. J 


Figure 2À.- Continued. 


ж . 
р -- 


МАСА RM A51G13 


5 tt ee 
ГГ ШТК Te T PETLITITTITITTTITITIITITUCEYTITITTTTTI 
PCC 
«ҮММІТІТТИТТЛТТТТТТТТЕЕИЕТТІ ИГІ ЕССЕ ӨТЕЕТТ 

4 ЕЕРЕЕ ee Ol ie EE 
ТИЛЛИ Т ня ни на T EIMAN ER 
ЕГЕТЕ ЕНН ТЕГІС 
00ТЕН СЕЕ ЕЕГ 
с ГЕТЕ FOL LET 

3 СЕГЕ нине TED 
СІПІГІТТІГІІТІІІ ТИЛШИ ЕКИ 9 ПЕ 
ЕТЕГЕН ГЕ ТТЕ 
тшшш сс о ТІСТІ 
BM SO Re eR ш LLEHALLLEH C3 65 LUTTE 

2 ҒЫН ы ИНЕНІ JEENE 
ГЕРЕРО TLL 
HH ЕРЕЕН ГГ 
ЕЕС ЕГЕ Дар 
Ee E EHTBEIERHTEHE E E A: 

[ Pitre tye Pee ir} ICMR 
ЕТЕТШ ЕЕН ЕНЕНЕ НЕН 

ЕЕРЕЕ ТЕТТЕ ТОЕСТ RE ШЕЕСЕТ 

ни E HHHH H Hi AHHH E T ET eea 
III] ЛЕ m9 ШІ НЫНЫҢ ЕЕЕ 

О ЕРЕЕН ЕФ ҒЫН ҢІ; 
ek ПИТТ СЕ РРРРРЕРРРРР 
"ECHEEEEELELELLLLLE КЫМ ТИННИН FY BECCA TEC CE CEE 
--—-H-H2-9-H---H--HH9 BE ETC ТІНІ 
ESR RR li| ло ЗИВ ee ee a ea І 

- | ЕЕЕ УННАН НН 
PT TT eres ВАТТ шаниниишинив 

Ее СЕРЕН ЕН TU "ЕЕН ЕНШЕ 
ЕЕЕ АТТ ОА НЕ ТСС 
"ҤЧҤН Т НЕННЕ ЕЕРЕЕ HT ЕТИШЕ 

-2 ТЕТЕ ЕССЕ ТЕТТЕ ЧУЕР 
II ш ГТ LLLI PALILEILLEIERETI INI E CE rc 1 | Tt IJ TTG! 
LLL TET TILLLCLLILLI-CCL-LELCCELLELLELELLLLELERGELL НИТ ЕЛІНЕН 
ЕЕЕ ЕЕН ЕЕЕ 

BM REE BEER BEE Re eR озозена на ee 

-3 дзозезесоввасеесаозосозосесцадкувна ат HHL LLL SNT LL LLL eT TT 
шн ишш шшш ш SERRE RRR ak.‘ beet tT ТТТ N RE E 

ш ЗЕНА ЕЕРЕЕ 
Bee eee Boe POO eee 

BE BE SEE BS RE RRR SRA ЕГИ » 599 га ГГА са ам поданик a 
-4 EEE EEE EERE REE HH HGB нан панин иш Mt Rl TTT 
ШЕШ ИП ИД ИШ ИЕ БИ j I ЖЫШ | P TT ISL A ETT rs reer ҮТ" 
TTT LTT ЕНІН ГСЕЕІГІЕЕРЕНННННННҒННННЕНННІ 
СГІГРЕОПГПИТИГГЕИЯГИЕТТТІ ГИ ИЕ ШПУОГТЕГЕТІІІІІМІІТГІТІНІГІТІІІІНІШТТІҒІ 

LEO JI TT eT TT a | [| Ill j| W I | T gp | BERNERIN j] LLLI TTI] 

-5 eee ee ИЕНІҢ 
SR REPRE SEES BE EERE eee ШЕШТИ г TTT TUTTI 
Oe иии ил Инин OL OD ANR 
tt Ee te ei ii LT AU PILAE + ТТПІТІТІГТІТТ 

иш жиш Penal ff | | I шэ ee eee eee 

-6 Rt ee а На AHHH "BEA? ААА EELT 

ЖЕ ИШ ЖЕ ИЕ ИШ ИШ Ин Ма I I ЕШ ШЕН ЕШ ЕЕ ШЕШ I Ш М I II I од LILITITTTTTTI ша ш AUIII | LLILLLLII d 11] 
ls Rt st eee УДТ FP L IT IIIT 
кими мы LLL. EERE KULLI IILI TT а в ишеша ма TLE 
ptt tt HAA 


Thrust coefficient, Ст 


ТҮПТІ Е 
СЕННЕН ЕН ЕЕ 
ННІ шп 

dH " Hu MEN 


-24 Es Eo pen 


-200 les 1272 RSS NACA СЕТ 
POPP eee 
O | 2 3 4 5 6 78910 [2 4 I6 18 20 24 30 40 


Advance-diameter ratio, J 


(о) M = 0.84, Cm va. J 


Figure 24,-. Continued. 


NACA зм A5013 стане 


== IIIIII завазвотаекикизкини 
КЕЕН ЕТТЕН E 
EE RMSE BES LL та ГАП LH: LEI HH HH TT TT TT ТОО 
Pe TET T S ИЕ ТҮНҮ ШІН 
ee TV ЕТЕТ ТШШЩ Pt 
ышы ЕЕЗ І i LES 
ПИТНЕ RRR 


ші Кы 
TE LE TIO Gg j| 
EBNENEREEERE 


СІНЕН 
A EPEE E 
HHHH a 


THA SCH Cree ea 


Power coefficient, Cp 


= k 
зна ШШЕН ЕНИН ECC ШИНЕ 
LI I IP t T! 


ШИЕШ1ЛШШНШЕ 
SERRE SERRE RSE ERS RAR RRR HHHH KARRE А НЕГЕ 
зка ди ши 2-2 ЕЕ и з на з ЕЕЕ ЕКЕ + HHH ип HHHH HH = m= TE ТЕР " 


--2L-EHAHHHHHHHHHHHHHHAE HH A ЕНЕНЕ ЕНЕМ 
НА ыы HEEL ET E HH HH иип 
tun Ш-Н TH 


O | 2 3 4 5 в 7 89 0 12 4 16 18 2 24 30 40 
Advance-diameter ratio, J 


(p) M = 0.84, Cp v8. J 


Figure 2h.- Concluded. 


puwaq 


5 


МАСА RM A51G13 


7-2 — w a wa ра um 


Herr OO TTI ———-= мен шц дна дотад ноа зин > a па ت‎ an n бА й m а m مد‎ Воль И Mad З 0-0 OA Dp ЫА Tr I+ и 
" Д 
ГДЕ ' ner тн 


в Рен == == == рщ = уш. 


=. s... 
Tp 


ПЕПЕ а: тап тағ — 


[IT TP 
мм: 


м... 
Ld 
мат 

.. 
= 

ж.“ 
ти 


озшен 
ЖШ ne вани Мани o * 


‘A = 


- тыш. шаны. жал м. 
-——— e; — 1 


punit ant "t : 1 ! 


Thrust coefficient , Ст 


mam a 


К^ = шшш шш ші 


зам Pe Fla E 1 Tp 
TW; TL U 


Be ae eR Ee Р eee LLL Sd ır" 
Hi ee ee a ЧСИ ИГЫ и: 


Advance- diameter ratio, J “МАСА” 


(а) М = 0.15, Cm ув. J 


Figure 25.- Negative-thrust characteristics; МАСА 4-{5)(05)-037 eight- 
blade, dual-rotation propeller, AB = optimum, spinner А. 


NACA RM A51G13 А 


ЕЕ EERE 


ма Дин 


Ева 


мм 
а 
=: 
s => fbi el acr deere winan Бобан на rae 
. 


мн 
а —— ee — — учы тты 
T 13 
шш ши шш — € 
—— ——— рыр nid тайы edit 
т ака iden sides Бы кі 


кебек көлең керн кі =т=: 
"Td sem "Эче =ч in r m m € 
== —À = ii 


P 


-10 Ë = =E EEE 


= ши ни ши ши 

— нң ни ит 

=“ کد‎ med سد‎ 
= ши ни ни ши 

mmm 
ши ши ши ши ши ши 


Power coefficient ; G 


[rl — ши ши ши ши ни ни 
ЕЕ =: 
Fermé uem quem mum = ج‎ 
== MEM чи эши ee UR си 
ee bi чинии пи кин шишин ЬЫ шш ишин шыш т ЧӘН Фей ИН шиш шиш ши шш иш шї ЧЕ Де ш ш шш ш ш ш п шшш Ду r E шш шш иш шш шшшш ш шш шш шш шш Tm n ım Rn йыкка ok 


س 
ل ا 
pen‏ 


4 6 810 20 40 60 80 
Advance-diameter ratio , J 


(b) M = 0.15, Cp vs. J 


Figure 25.- Continued. 


100 


Thrust coefficient, Ст 


REESE sni НАСА RM А5013 


Г) [| РЕН HH tg LLI] 
HHHH S&LITIL+TITLHITTITITIHIHIHIHI ІНШІ --- 


ш 
шшишшшшшишашшшышишшшнишин ишинин E E E E KIP T I E |l eee eL 
LLLI. ЕНЕДІ 
шш ЕЕРЕЕ ЕНН tl 


—— ш 
ишш 
БЕ ЕЕ ЕН ЕН ЕЕ ЭН Б лн п ки ин кн и ЕП ЕЕ ЕЕН ИЕ ЖЕ ШЕ ш ш ш TTE 

Hetere - 


О | 2 3 4 5 6 Т 8910 12 4 I6 18 20 24 30 40 


Advance-diameter ratio, J 
( c) M = 0,20, Cm YS. J 


Figure 25.- Continued. ce 


"mgr = 


МАСА RM A51G13 


N» о Ба 


E 

E" 

L| 

L| 1 || L| 

jJ III) ЛИ Ree 
SE ы ERI 
L 3 TIER 

L| 


н. илне 
ШЕН LL 
SERRE Ree ТИШКЕ ЕНЕ 
-—-234---L-H- ЕНГЕННЕН -HHHH 


7 H THEE EEEE 


-8 HEEE ЕНІНЕН 


Power coefficient, Cp 
0 


I 
LEO | 
-I2. ВЕЕ ш 
m H ІНІНЕН 
44 ЕЕЕ ЕЕЕ ТЕНГЕНІ 
-16 - HHE PE EEEE EEEE 


EHEH 
-24 = = ЕГЕН LLLA LLLLCLLLLULHS TEES ETE иш иш | иш жиш ы 


-20 F۴ - пинин - PPT PTET eee eit M NMN E NR 


-40 Е anu pu CHEN. 


-H- иш EE ІНІН ЕТТТ СТС 
-60 ERES ШЕНІ? 


-2OO F ТТ FFFFFEEEPFPETTTPHHHHETHHHTTTHETITRTRERHET TERT TTTTITERE 
-00 HH HEE H 


O |l 2 3 4 5 6 гззю г EU Up y 


Advance-diameter ratio, J 
(d) М = 0.20, Cp vs. J 


Figure 25.- Continued. 


101 


102 


Thrust coefficient, G+ 


BER: FELIS N. ш 
ГИ ЕКА CoS инин иинин! 
IIIE ЕТТЕ ЕЕ 
LLLP, Ll AU I P LIL IITN ТШЕН 
ЕНЕ АХ ЕН, Li ш PH 


ГЕ ИЕ ЕЛИТ ЧАД И ПБ ПИ НОИ ВО иши 
Аааа құры ганчина шш иий ЕНЕ 


L| 
ІНЕ НУК TT rT 
SCH Hrer ҰЛАНЫ КЕСЕ ЕЕЕ 
шиш МОН, | мы 


L 
LL] 
КЕГЕ ЕТЕТ ТТЕ ТТЕ N ЕТ 
LLL LU ши ши Pee eee а LLL 


ЪТ ТОЕ 
HHH e O 
s LL E LL HHHH 


O | 2 3 4 5 6 789 10 Ie ee 


Advance-diameter ratio, J 
(e) M = о.о, Ст ҮЗ» J 


Figure 25.- Continued. 


МАСА RM A54G13 


МАСА RM A51G13 po 


Power coefficient, Gp 


N о A о 


LILLIAN ЛИТЛ ТЕТТЕ ЛИШ masu 
-Б ЕЕЕ ЕЕЕ AAN ВЕ ЕТЕ ЕЕЕ 
-Т ааа ааа LP, للل‎ А, А < лин иинин шшщ шш ERE 


= ЧЕ пиш 1 
i2 ЕНА SX ETT TT -HH 
H H H БІТІРІПТІ КІШІ > 


ш ЕТЕТІНДЕРГЕ 
tH 


-24 E Hu нге ІШЕ 


Ва: HHH HA НЕ HH 


-60 ЫН ШЕ M на 


О | 2 3 4 5 6 7T 89 IO 12 4 I6 I8 20 24 30 40 


Advance-diameter ratio, J 
(f) M = O.HO, Cp vs. J 


Figure 25.- Continued. 


Тен 


103 


10h 


Thrust coefficient, CT 


МАСА RM А5ЩС13 


L| 
МАП ТЫП ИНЕНІ TP TT LL 
я THI MBER BER 
IEMNENEN 


РИ ОГ ccu 
mm чиш жщ шш! Erer 
в. LL IRI al ALII LL TII — 
iwan mamawa LI. I A UI IL I lll. 
ша AL БАТ L.L n ШЕННЕ 
= 


See eee ee ee ee L- ашы ка A LI LÀ жн шн с 

иш ишш ш ш RRS а А а а а ааа и Se ишн SJ T l чаки to 

CELE Ete PELL инша Ll III eee 
EEE BSR eR ARTE Re иа т. жишш. et th “ال‎ = 
L.I I Il Il |l ЛА РР а ا‎ = 


АЕ 
"ЕЕЕ 
= ЕН ЕЕЕ ШЕЕ кп 


CEPI ODD DN 
HHHH +- 


---H4-- in ин HHH S Aik 
-H لل‎ HH -HH Н H q 


Advance-diameter ratio, J 
(g) M = 0.60, Cm vs. J 


Figure 25.- Continued. 


aaa, 
Toe —— w -. 


O | 2 3 4 5 6 78910 12 БЕДЕН НИСИН 


МАСА RM A51G13 ا‎ 105 


Power coefficient, Gp 


ШЕ ЛИНЕНИНЕ 
EE EEEE EERE EEE ЕНІНЕН ІНІНЕН ШЕГІ 
шш ES RRR ШИЕНІҢ 


LL LIRTEFLETISISTITUTIUITHITIETCITIICHIÉL EI I 

BEER EEE CEO N E E ETT 
eT a IS K W E 

ЕГЕТТЕ НЕГІ ш 


иии LAT UT Y тшш 
HHE ЕЕ A R OOH 
Sean 858 فلل للل ا‎ РЫ manna ЕРЕЕН НЕННЕ 


те изкове киң пш шш шщ шш шш шт шш эш 
иш иш иш шиш иш иш шиш э жа ип ии э эи ш шш шишиши g „А — 12 2 I l J1 
нн EEE 


LI БЕ EL eee eee SE HM KER U.” TAEL (ъпон | 
к Ll I I t I III I OPC IR TEE l l Jj J l j = BES j| l t l] 
на | qm Жы m 


E 
mm шшш == ШИШЩШШИЛЕШНЕНИЕЕШНЕЕ ЯН ИП V. 
tp tt tT —L-H-44--24-24--242--H-24----24-- ++ +++ +++ КАҒА ыы 
шшш ша шшш ana М “аи RE Ill lb I ee 
oom LIL 
ш a 
чизя на зи пи mm ш 
БЕЙ ка шш < a ы 
LEER M N П П E N O O O N N A A M Н EER ину... чач. а на а на, ши 
ии ши кетті اا‎ I-II TE TCT TT ŞO OO OP ҮҮ Да [uw og ggg 


EEF E e E 
EEE REE CEE EEE EEE EE EE ЕНШЕ КОНЕН ЕНЕ 
СЕСЕ иш 


LET ТІРЛІГІ. шшшшшшъ 
PERE EE ишип ЕЕЕ Hid mes тъ ЕНЕ 


YT WE. 
Е-е 
киш ج‎ 
=== ма. ча. 
LE PE 
seas : 


ААА w- = 
= 


-200 E E 
TFT TE TT TTI TTT EET ETT TE ET EA EET EOE TTEA 


со 
О | 2 3 4 5 6 7 8 9 10 I2 I4 61820 24 30 4O 


Advance-diameter ratio, J “NACA 


(h) M = 0.60, Cp vs. J 


Figure 25.- Continued. 


er .. 


” 


106 NACA RM A5hG13 


ГЕНІ IRE D KILLI ITL L II III) T LL] 
BER EEE ИШ. КРАЕ РАК УАН НЕННЕ 
ЕТЕТ ЕМЫ ТУА ҸАН 


Ы CPSP ЕЕЕ ЕЕРЕЕ 
` Ta ШЕНІНЕ 
ЭНАС 
FLT eT TT Ties PET tL ЕГЧ ЕТА ТУЫ ВАШИ ee te пишип 
өш ишип учин ОА АРЕ 


Same o 
HEE HE H H TK КЪСНИ PTE ПРВИН CETT! 


L. ри аа ша ни а mmm мишиш IL. CLEA 
ша на д па да и по 0 00 а ЕЕ „Ал. أ‎ 
— PL TITI UT ЖЕР ПЕШ БЕШ БЕШ ШЕШ БЕШ БЕШ ЕШ БЕШ БШ нн! тш дири шш р ша НИ ТИ БР ИШ ЕР ди ти] каш ааа шр ш шшш атишж иы | ча шиша. ' жин ЭРЕШЕ 1 Чай UT “4 
SEO ee 


Thrust coefficient, Ст 


ҰТТАП 
БТН 
А ТРТ 
MAURER VERE 


na 


will 
m ТАН АГ ДІН” 
MMe TITI 


—— 

TE ШЕЕ ЕТЕШ FENTE ER ET 
ТЕРЕТ ТЕРЕ ТЕТ ЕТЕР ОН ааа ааа ана 
LLL LH АШ ЕЕ 

и иин RH HHHH H 


ЕН МЕ 
На HHH УА)! 

———- AHH -H- ЕЗІНЕ +L I P PIP IIT TITI Y = 

БЕБЕ = Ere 


eet a ив МЕ 
ج‎ manana es навини п ЕЕЕ ЕЕЕ ЕЕ НЕ 
lll. lll к ЕУЕН 


О | 2 3 4 5 678910 г 14 16 18 20 24 30 40 
Advance-diameter ratio, J 


Figure 25.- Continued. 


МАСА ВМ AD54G13 


N ow + о 


Power coefficient, Ср 
0 


=. 
ЖЕ ИШ АШ I jJ ILL ЕЕ ТЫ T lI lI PEE III I] КАГАТ АШТ ОШНОИ ТТТҮТГТТІТІІЕПГІТЕҮТІІТТ! 
mum ЕЕРЕЕ ЕТЕТ ТЕТТЕ ЕТТЕ ТУУ ПУПИНА ЕЕ ся за зооюжвикажа 


үкі ші 
ма ы а ра аан рон рн н з И 0 0 П И ПИ Е П П П Ч П r БЕ И БА i r а а А 8 Ч, АННА ААА ААА ыы. 
лл | L j J] F LILLLLLFELOCLSRIM IL IIJ jJ | L.L... ищ ши J I IT TITI | jJ I Till j ТТІ! 
и шш яш иш эш иш аш эл ан п йл а пи эн пп ан ш ш ш ш ш ш ш ш шшш ишш шишик ачи. STROLL CELE LC 


ЕЕЕ ЕЕРЕЕ ЕЕЕ НЕЕ 
ПАДА НА А Pe 
A EEN МЫТ ЕРЕ 
ЕЕРЕЕ АВАС "ШШШ it 


шиш ГІР ЛАТ АТР ТТЕР ОШТОН ЕСО 
-C-CHHHHHHHHHHHEHEHHRHHHHERHRHBRHHHANANISRHHHHEHAHEHE 
ЕЕЕ ЦИТ 


LLL 
а E EME EME HE пик a LS 1 | I I а I ама зо а со ик ни шн 
Бн эн кн ии ии ип и ан BESTE ET EEE eee HANS LLL ала а ии ши иии ип и пг ин шиш ш житин ииип 
ЕЕЕЕЕЕНЕНЕЕЕННЕНННННННННННННЕНН ЕН ҚАСЕН 
L. I IT] 


SSS SS SSS Se See SSeS аа аи а АЗ ШЕШЕНЕ ЕЕЕ ee 
ppp ptt ft ы ыы ы анаған арага АА НА T T T Te В. = Шш ишик N ы MN NEEE юн 
ШЕ ВНА ши ши жш ии иш иш иш иш аш иш ит из ип иш ип ии иш Эл л на ки шш шшш ии ши эш шк ин инь тшш, 


ас и‏ بابلالا 


—-- А 2 
за аа ul l 
кН ЕНЕНЕ, С! ИШИНИН 
п + LHH HHN N ИПК aI 
SEE EEE EEE EEE ЕЕ ЧЕ dur -HHHH 3 LLL tt 
тиииш шш шшш ا ل‎ па Ыы...) 


ЕНГЕННЕН ШЕНІ? БІЗІҢ 
Soe eee ке 
ша НІН». а 


О | 2 3 4 5,6 гвею 12 I4 I6 IB 20 24 30 40 


Advance-diameter ratio, J НАСА 7 


(3) Ме 0.70, Cp vs. J 


Figure 25.- Continued. 


107 


108 NACA RM AD54G13 


LLI times 

ш = Pt HEHE HHHH HT 
BE BS Pe eS A МЕННЕН LL LLLULLL Jii 
G [| | ш 


BERS СІП T a. R | 
-3 7. ААА ААА 
шш = = = LT NL ETÀ шип 


ип 
тишшшшш E Lx LIILLLLLL LG SIL 
-4 НЕНІҢ НДЫ А ЕЕЕ ЕЕЕ 
шин 


„ГЫ тшшш шш шишиши. ЕУ ТЫГЕ ТА! ш РЕНТИ 
-5 EEA E ПҚ 
шишки ш HERE Г ТАКТ ПШ ики 


-8 SSS o PER. БЕН 
E = —— BRS ERE ЕЕЕ тшшш шкипн ана шшш 


ег ЫЫ ЫН ww w wm UN NS V aie и и ш ши тп шп иин эш ш ишп ин эн аш 


Thrust coefficient, Сү 


шшш Eee AEN веевовекюсвюзевовозвсозиа LTE "нивата 
SEE eee панийваиазеаесвлиеатиататтат ЕК У А 
——34H-2H7-4H9---H-494- ULL HH -H + T 


ТЛ!!! 
ай 


иии @ ш. „ч I l l EY 


IEP a 


-H 

иш 

An 

иш 

LI | 
NENE 
иши”. : 

m=. 

< 

иш 

mr 

EL Jj 

шш 

МЕ ши 


щ ` 
LL L II I за тт. пита 
L... l | l | l U ll U l] маи: Жо 


MERE NENNEN EE ER ER EE EH EM RR AME CURA VER A amis TÉ \шю l l ¿ |] 


| 
Y | 
IS 
Bm 
= 
СК 
МЫ 
HH- HHH HH БЕЗБЕН HH тиши 
ЕЕРЕЕ ЕНЕНЕ НЕ 
HE 
таш "rr 


-200 F CEEEEEELELEELET ET TT TELELELELE TTTETTE IIL BERR RRR TRAE 
CE ETT Ш-Н 


О | 2 3 4 5 6 789 IO 12 4 6820 24 30 40 
Advance-diameter ratio, J 
(к) M = 0.75, Ст ув. 2 


Figure 25.- Continued. 


NACA RM A51G13 


Power coefficient, Ор 


-20 ИТ Т T иинипинининияназитининниниишала 


l Жы, 


ГА ; ІШІ ШЕШШЕТШ 
О Hh CECE 


А иш илан 
иш „машу POC ECC 
-4 ttt tt —— pont Ea 


-8 CEEEEEEEEEEEFEEEFFEEFEFFEFER-EEEHINS2 LN Re HEE SEE FH 


Biting = 
AAT А НА eee 
e L тщ кк шш ши аш иш тик жш жи ип аш ии шк ии ип пи ищ ш м шї ап ш шшш шшш, юг Sek Re | Jj lj иш =H- 
ШЩ ШЩ ШЩ ИШ ИШ ИШ ШИШ L MRNA ӨН Tus тш ви п тшп жип кн ши oo эш шп 


ЧК,-1ШШШЕШЕИН 
E E ЕНЕ НЕН ЗЕН 
шшка HHHH AHHH LL IL LL 
oH -Н- HH „ыы па па ок те LLL ащицкакка —— 


-30 --HHÀ99H--EH-HHHHHHHHHHHH-HHHHHHHHHHHHHIRR a 


-40 P = BEER 


cs 
name ПОП TC ™ 
Ll MS 
tet 
"ЕЕ йш а HEH АН МК 
ва ма хини HH -HH шани 


-200 ЕЕН 


со 
О | 2 3 4 5 6 7189 Ю 12 I4 I6 IG 2O 24 30 40 


Advance-diameter ratio, J 
(1) M = 0.75, Cp vs. J 


Figure 25.- Continued. 


-60 EEEREN x A HH 


лоо HE 234252: 


109 


110 


NACA RM A5hG13 


ші 
а: ГЕРИ а 
ЕТПК КЕЛГЕНІН 


г DELTI E an 
ҮННЕН E шишин 
= HHT 
© 1 
de 
c 
o 
© 
3 
= ЕЕЕ 
О ГІН [ITI 
PELLE TELI) 
о L.I Il f 
+5 BEE EEE EEE EEE EEE 
3 
hm 
+ 
= 


НИШ ДА TER АШИР 
ЕН ЕШ ЕШ ЕЕЕ: 
ЙИШИНЕНЕИНИВЕВЕИНИЕВНИИИНЕШЕЫШШ 
HES | 
нин ЕНЕНЕ M MM N PY ИШ 
Rt tt tT ЕЕРЕЕ ТСЕ a eee eee 


шшш aaa шшш ---- --t-2---H-4-2H-4422-H-4--H----H-4H RHENUS RN ES ril Қ 


-200 Б Е ма Wer 


HERR HH НЕНІ 
O | 2 3 4 5 6 789I 12 I4 I6 18 20 24 30 40 
Advance-diameter ratio, J _ 


a- m — .. 


(m) M = 0.80, Ст ув. J 


Figure 25.- Continued, 


111 


МАСА RM A51G13 


Н т +? 


4-І I ИШ ИШ ПШ | I I шш шщ Ls шш Бий L.L. Ып ЫШ ШШ ШШ ЕШР Вай шш шш ци ЕДЕ ПШ IT LIT ПШ М тЫ ДИ 95) нар над Ра ронии и танини шими и п шн щн пип III пй иш ш шш шшмы вами ви ра иш ышын аа шш чш пш ш азы шы ee 1! o 


- 
ЕТЕТ ТЕТЕ 1) LLL III IIlIIIILII eA LT 1098 ШШ 
LLL L. Вий МИ J l I PT LIL L IL PL L.L I lI I I P IT LI L ee IT LL II T гы a Jl EF DB DBD Û T J jJ L l lI JT IL I LI III III ll Қ... ымыра J l CÇ L eee Jl ul l] 
LI кй шы шш шш ШИ БН ы ш эш рш БЕ ШШ ШЫ ETTI ип пы пи кш м ри пщ ши ш ам ш ишш шжшш иш МФ г ща dey рын тыр чия ии ИШ Шшшш ишш шш ыш шини РИ ВАЙ ВИ added rm bi 
LI lI | d l l l | l I I L | j j ! ee eR GL l| I ТТЕ ТТТ ТАКЕ ee | n aan 
тҮ ТТ ee ee TT PUT ee Ne ee ee L I I Ee eee Pula... L ЫЛДИ..." ме! 
ااا‎ | ии LLL LL. РИ ЗА БА ВВ ИЕН | а И Е j а I I j тутт ыллыы ии” TI I 1I SRP ee С.А FEL LLL Ill Шы нн 
L.I. ы I JI LLL IJ I lI I TIT j J J НЮ В ШП 
LLL ИШ ИШ Ри L I j ШШ | TL ЕШ ЕШ L II LI ШМ LI I I J JU j j ll LL ILI IL lll lll 


оттама лл ИИ LT TITI lI REBEL SB, tl Ill {IIL Jill jin j | e 9 
TTT ET TET TE EE EET Pe LT To а кб КИ Р ЕНИП ПЕСНИ МО I Ill IIIIN | | = t 
TET LITT СШТШ ШОИ ИШТИ ee E LETTHTLLIEUIL LEUTE ЗИМИ ИІНІ O 
EEE GELE EHLE REEL о E: 
i Ф 
Е O 
t C 
І о 
i 2 
| од 
| 
Юю 
о) 
= 
|_| 
Е 
ш cometh 
ш 
ш 
ETT E 
ПЕЕ HETEE FE T TETTHILE FTT TE TIL E 
BURR BERR Ee PTT TET Ter TE DLL m O 
O s о мМ — O- NY то ок OOO N ооо O O O 
i 1 i ^ i П t ' ' О т ы "Г та! à m + @ о 98 
і 
1 


do Чидюццооо JOMOd 


(а) М = 0.80, Ср ув. 4 


Figure 25,- Continued. 


112 NACA RM A54G13 


"ШАКЕК АНШИ ЕЕ ЕЕ 

ЕЕЕ ЕКЕ КЕЕ AH RH HE А: каза Tg ЕЕРЕЕ ЕЕ 

tt ооо ротор тъ гр ге VARI eee 
ШИШИМИШЕШШЕ ШЕ ШЕЛЕЛИВРӘЛЕЕ МЕНТИН | I T II III; BRIERE 
LLCO Rt HHHH HHH тииип 
тиш шш III гр TTT ИШ ИШ ИШ БЕН LI Lr) 


иш 
BREE EEE HEE CET ETE 


ш 
ш 
ERESENETHE 
ш 
ш шш зсесовосвиткик аш чи шш 29 IN LI j II I ELE! 
ни и ия аа к ил ап т П Б Ра и и ка т тш ш ш ш ш ш ш ш ш шш и мы ши кипи ини ининин и 111 ии шич ин эн из ишш иии ик =n LLL] 
ш шіні ш ии ш lI чи | LY Sees eee 

шшш ш шшш шш ee Se Le ишш шш ша. I |. L IJ IILI LELLEL E Ill 
ип иш иш ши ши ШӨ ши иш шк ні Ші іні ЛЕН ЗА ЕН БЕ ЕН БЕНЕН anf eee nf mel fume ef el abel def I MI II АТТИЛА МІ, 
же за не. за па па на ; | | I I IL i L eee J 1S JT JI а і eee 

k. L. L Ul | j| l | L | н... J ` I L L I l | l Миз; BE Ul l REE, See SERRE RE | T l II III T T TT] 
ЕГЕН <n es 
LL ee I 1 за ип ип | I | | EE BEEBE SEE SS JI Il T I T J U T l] U Jill] l] ШЕ БН 331 1 56 7m] 201 T JI J JU | l ок Tl пишмани 
санынан що тъ | I III III I I II Ill I Il 
m u m um im 


Thrust coefficient, Ст 


LT UTTERLY 
HH ЕНІНЕН ГОСТЕНИНО S | H | 


асса 
ЕЕЕ ЕГІНГЕ ЕНЕТІНІ ЕЕЕ ЕЕ 
LIU. ——---—-4--4--44-4-4-444---H-H- ишшпипшяия ТРТ MMe 


HHR ТИЕР 
ЕЕ LLL LTT] 
ШЕННЕН Н.Н. 
ГЕ ӘҮГІТҮПІСІС 
илишип L3 CARRI ir 
кик шш шм ш мп ии ETC и а Ы м = 


О | 2 3 4 5 678910 12 14 l6 [8 20 24 30 40 
Advance-diameter ratio, J 


(o) M = 0.84, Cp vs. J 


Figure 25.- Continued. 


NACA RM A5hGl3 dh. 


Power coefficient, Gp 


од E ЕЕЕ ЕЕ ae 


5 ЕЕНННННННННЕЕ ЕНЕГЕ ЕНЕ 


ЕТЕ каш ш шшш 
КЕНЕТ Н ЕЕЕ ЕЕЕ 
RRR eee aA ТАЧИ ЕЕ ТЕТЕ 
ЕЕЕ НЕШЕДЕН 


1] —-rri- H ЕЕЕ ЕЕ иш иш иш | l l I III III за аи lI III L LLL 
wa 


ч L... I LI I Tj] j| L ILI I PIITZILILLI. 

ШЕ ИШ ЕН ЕН БЕ ИШ ШЕ ПШ ИШ ЕН l I I L I II I YU T Tl 1 VOGEL ERs see шш шш шш | | ло че нощ зид аа ча на за j] тты eee 

- саган а пи тпнаштавоя I Et I Eee TT 
шш ип r-H TTT шш шиш иң ищ унн шш жи иш жш ин шш ш шам ш ш щш тн шш иш НИЙ шш шиш юв шаш жишш 

чиа жи ша на ни ша и н ц НЕЕ on on on oc on oo ol on oe oo + = 


СЕНЕН а ан ананы 


ГЕНІНЕ НІН a ЕЕЕ ЕЦ 
at tt ПН 


-16 EEE HH HE НЕНІ НС ЕНІНЕН 
-18 E БЕНЕН ЕЕН ЕЕЕ D E А а НІНЕ 


EEE EEE EEE EEE eet Ғы ыы 
-titter HHHH HH h.L AT... за | LI а L IT Ill ана шина е baa I 7 шн 


LEHI TEEN ТЕ 
-H А r H 
= 


E ` ` | И 20 I lU I ` ` eee ee RR ERR ] J | I T Ll l L j] UI SRI See 


-40 P В B 


-60 ЕНЕ ШЕНІ ТӨН 


ЕРРЕТИ ААА АА НЕА 


ي ي ص ي 200- 


O0 
0 | 2 5 4 5 6 7 89 0 12 4 16820 24 30 40 


Advance-diameter ratio, J 
(p) M = 0.84, Cp vs. J 


Figure 25.- Concluded. 


Wm, 


113 


11% у O КАСА RM 451013 


Б ЕН ННІ ЕНЕГЕ 


-1-- H 
TT ТП ЕСІ T ТІГЕ 
BREE EEE EEE EE EEE ER CCRC CERCA Et 
| LLLILCLLLTTTLLTTITIL LTT PRIITTTITTTITITTTITTTIFTTTTITT ГИ ТТТ ИИ 


ЕНІНІҢ ЕГІДЕР ІШІН 


[=e Sess See Se a ee ЕНЕ ЕК ЕН НА С-Б Ee и ш Eee ee eee eee es 
m -ГГЕГЕТІТІҒІ АБЕ ла ШШ 3 Ill LILI 

I lI I T T БЕ БЕН I E T ШЕ ШЕ jJ | jJ | НО БӘ ЖЕ ЖЕ Il | EE EE E a 97) ТАЕ L до Il Ill o | иш 
-8 та Ба ии па ик и ир и П эш эш и пи ж ш ш мш шу ш ш шп шш ш ш шш шы щш п шилти АННА НИ КЕШЕН ЕНІГІГЕЕННІЕНІНЕІІН 
— зии «иц АА ЛІК n п км od Р ae Р И E ane Fu N a E T LI Ц а Е В р по аа AMNES ааа нее, ТГ БГ ДИ O НИЯ. Вей Ма ар чау #8 YF И 3 лии пана. ин низ е р че а Чи Б ВИИИ E ВЕР В пай 

за а их ` | са из š | j| А U lI IT I DL ИВ L I АУ ра па LI I ма дивана а цев довь ча 4. ТТТ Рщ Ми ма ша жи ти во ча а ааа пано ТҮҮТ 


Thrust coefficient, Ст, and power coefficient, Gp 


Je КЕЕ ЕЕ сш = DORIA: НЕЕ 


ЕЕЕ ЕНІН ГИТ LIL ТАТІ | род ди мо г г таа а LITT 
-HA аллы ыл PP Il И Во ааа и пиш Jj j j ШЕ ДНИ ШЫ eK T ым мед шаи: Ам I P T TT 
“ТГКЕТГАСТАЗГГЕГЕШЕІТТІГІГГІШІПСІТІСНІГІТІЛлСПГЛОГЧЛОГТІГІРІТІГГГГІГІГІЛІІНГІГІІ 


-20 F titte eee TE te LE ee LETT TTI ү Г 
1 


-40 FEH ШЕШЕНЕ HHH H та Ея 
+ +H mmis H -H 


O | 2 3 4 5 6 7 8910 2 4 6820 24 30 40 
Advance-diameter ratio, J 


(a) M = 0.60 


Figure 26.- Negative-thrust characteristics; NACA 4-(5)(05)-037 six- 
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Thrust coefficient, Ст, and power coefficient, Gp 
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Figure 26.- Concluded. 


120 EU NACA RM A51G13 


LLLI 
шини 
шини 
ваша 
LLL E P LL. 
шин 
EMER Se eRe 
= THES EEH ET ET [It] 
шини 

EERE 

шини 

иш 

шин 


ТИЛЕ. 
an 


Pit Pt Te I] T | L 8-- ииип 
HHH r ETE 
TTINA ТАН ЕЕ 


an š H НЕЕ i 
3 Ес 21. ЕНЕН 
-2 я НЕ 


шшш = EE ” m в 
н ALLN E TITI IL TI гр I TITI) E 
ЕРЕН НАН НЕН ГЕННІҢ 
ЕЕЕ АЛА ДИПТТТПИИАОГДА E ИИ 
АНЫҒЫН AE 
I I I I T lI TI I j D O T U | IIJ] eL ЫК اال‎ lI P l I lll li] -HH- 
= 
B 


FL ttt petit ti PCLT PT hE Te IT CLE PFUPFLLPOCIFIPARLELELTU PIPERIS L иши [LL ЕЕЕ НЕС 
ERE EEE CECE CEE aiia 
шнш ш ишы J | ы. БЕГЕН Н [LITT TTETLCLILICIEFEIL J III Г 
LI IC I-LIITILLLLL---L.-.. rir НГ АН L 11g gj "ҤЕ IMMERSE 
ЕЕЕ ЕН ЕНЕ 


иш ТТЛ НН T Инах 
-14 E ES ЕЕ ШЕЕ eun НА 


Thrust coefficient, Ст, and power coefficient, Ср 
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Thrust coefficient, Ст, and power coefficieni, Ср 
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Thrust coefficient, Ст, and power coefficient, Ср 
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Figure 30.- Continued. 
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Symbols, B=8 (coeff.x 6/8) 
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Figure 30.- Continued. 
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Figure 30.- Concluded. 
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and four-blade, single-rotation propellers, spinner C, M = 0.15. 


The effect of blade angle on the negative-thrust characteristics; 
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Figure 31.- Concluded. 
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* Figure 32.- Near static-thrust characteristics; МАСА 4-(5)(05)-037 six- 
and eight-blade, dual-rotation propellers, AB = optimum, spinner A. 
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Thrust per horsepower, T/HP 


2 — — — — Experimental, B=6 
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——- - —— Experimental, B=4, Ref. 4 
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Figure 33.- Variation of the thrust per horsepower with power disc loading 
for operation of the МАСА 4-(5)(05)-037 віх- and eight-blade, dual- 
rotation propellers (AB = optimum, spinner A) at near static conditions, 
ag compared with theory and with the results of s previous investigation, 
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Figure 34.- Variation of thrust per horsepower with power coefficient obtained at near static conditions 
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